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Abstract 

The new herbicide chlorsulfuron was evaluated for the 
SONETOMS (Of Tartary buckwheat in cereal crops in 
north-central Alberta. Preemergence and postplanting-incor- 
porated treatments of up to 80 g/ha did not provide an 
eaeceprablere evel lofty fartanyobuckwheatsecontrol., The effiteacy 
of postemergence chlorsulfuron applications for the control 
of Tartary buckwheat was dependent upon the growth stage at 
the time of spraying and upon the rate of application. This 
efficacy was rather inconsistent. In 1980, 10 or 40 g/ha was 
sufficient to control Tartary buckwheat when sprayed at the 
fotwern 44toe6sleaf stagesrespéctively, whilesin 1981;°up te 
60 g/ha provided only limited control, regardless of the 
leaf stage at the time of spraying. 

Controlled environment studies revealed that the 
SusceptibisatyyeotpeTartaryn buckwheat! topge@a sirnglesdropler 
application of chlorsulfuron decreased as the leaf stage at 
the time of application advanced from one to four, 
regardless of chlorsulfuron dosage. In Tartary buckwheat, 
ehtorsurturon  cavised@ aretemporaryqrpnhibitiensol. growthpra 
shriveling of the stem below the cotyledonary node, and an 
inhibition of stem elongation. Although the severity of 
chlorsulfuron-induced symptoms in fTartary buckwheat was 
increased by the addition of the adjuvant Cittowet Plus, in 
the field no significant increase in chlorsulfuron efficacy 


in terms of biomass at harvest time could be observed. 
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Chicrusubtunon Matemrates 4 as  floweas 5 or 30 g/ha is an 
errecmive iBherbicideumtow thedicentrol soie nempnettle Or 
cleavers, respectively. 

When applied in a tank mix, chlorsulfuron up to 80 g/ha 
did ighaae Significantly reduce the ebiieacyeeco hegt he 
postemergence wild oat herbicides diclofop methyl, flamprop 
methyl, difenzoquat, and barban. 

iiecnesig¢elape chlorsuliurons sup )to —-80 d/ha “dic “not 
injure wheat or barley. 

The use of chlorsulfuron is not recommended if rapeseed 
is to be grown the following year. A two-year interval 
between the time of a 50 to 150 g/ha application and the 
seeding of rapeseed was required for the chlorsulfuron 
residues to dissipate below a level inhibitory to the growth 
of rapeseed. A corn root bioassay revealed that 18 ppb 
chlersulfuron in thersorlein Vthe tall was  sutticient co 
cause a Significant inhibition of the growth of rapeseed the 
following year. 

Chlorsulfuron concentrations as low as 2) ppd 
Signitacantly reduced the root growth rate ove corn 
seedlings. It is postulated that inhibition of cell division 
1s the predominant effect. 

In studies with ‘*C-chlorsulfuron and Tartary buckwheat 
(2-leaf stage), only 81.6% of the applied activity could be 
recovered 120 hr after treatment; 42% was recovered in the 
leaf wipes, 37% from the tissue of the treated leaf, and 
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chlorsulfuron metabolism could be detected. 

Mutilation studies indicated that, a7 Tartary 
buckwheat, a chlorsulfuron-treated leaf had to remain 
connected to the untreated remainder of the plant for only 2 
hours, in order to induce typical chlorsulfuron symptoms in 


phete plant. 
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1. INTRODUCTION 

The use of herbicides for the control of weeds has 
become a widely accepted practice in Canadian agriculture. 
In the three prairie provinces alone the estimated use of 
berbicadesahas Mincreased pizome, 2,236,000). ko winwnd958, to 
$45 2337000, kg 1nt1978 (49). Although the registrationact new 
herbicides has become a costly and time-consuming procedure, 
several new chemical compounds are currently being tested in 
order to become registered for commercial sale in Canada. 
One of these is chlorsulfuron. 

The first objective of this study was to evaluate the 
performance OfeeChlOsSueiuconal ct Oras thes PCONtCTOlssor. suck 
broadleaved weeds as Tartary buckwheat [Fagopyrum tataricum 
(L.) Gaertn.], hempnettle (Galeopsis tetrahit L.), and 
cleavers (Galium aparine L.) in cereal crops and on _ fallow 
in the north-central region of Alberta. The second objective 
was to assess chlorsulfuron for carryover in the soil and 
its possible effect on rapeseed (Brassica campestris). The 
third objective was to examine the influence of 
chlorsulfuron on (i) the shoot growth of Tartary buckwheat 
Dlentsmatters tOldareapplucacion,, ande.(ti ithe root growohyot 
corn (Zea mays L.) seedlings growing in solutions of this 
herbicide. 

In order to achieve these three objectives, both field 
and controlled environment experiments were conducted. The 
field experiments were specifically designed (i) to obtain 


information regarding the rate of chlorsulfuron required at 
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a particular leaf stage of the broadleaved weeds in order to 
achieve an acceptable level of control, (ii) to study the 
WOrTrTeer Of Sthe® Sadiuvanteecirttowet Plus -onttheretticacy of 
chlorsulfuron, (iii) to assess the tolerance of cereal crops 
EOUEEHL Seenews herbicide; (iv) to-explore’ the possibility of 
tank mixing chlorsulfuron with postemergence wild oat 


herbicides, and (v) to determine the effect of chlorsul furon 


carryover in the soil on rapeseed. The controlled 
environment experiments were designed (i) to provide 
additional information regarding the required rates, the 


interaction with wild oat herbicides, and the tolerance of 
cereals to high rates of chlorsulfuron, (ii) to observe the 
influence of ehlorsulfuronseon thes = growth “ol “Tartery 
buckwheat, (111) 7 to determine the concentration of 
chlorsulfuron in soil samples by means of a bioassay, (iv) 
to study the effect of chlorsulfuron on the root growth rate 
of corn seedlings, and (v) to quantify the absorption, 
translocation, and metabolism of chlorsulfuron by MTartary 
buckwheat, using both MC lane lied and non-labelled 
ehlorsuliunon. 

The selection of Tartary buckwheat as the main 
experimental weed species was based on its regular growth 
habit, the ease of establishing a rather uniform stand both 
in the field and in the controlled environments, and the 
availability of sufficient seed to accomplish this study. 
Experiments conducted in fields with a natural infestation 


of hempnettle and cleavers were included to broaden the 
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scope of the evaluation. The importance of rapeseed as a 
cash corp in north-central Alberta warranted a study on the 
eprect sof chlorsulfuron carryover in the soil on this crop. 
Because of the high sensitivity of their roots to low 
concentrations of ehlorsulturon, corn seedlings were 


particularly *welP"surcted=ror the bicassay . 
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2. LITERATURE REVIEW 


2 eGitlOr sult Uron 


2.1.1 Technical Information 

Chlorsulfuron' is a new selective herbicide for weed 
Con. rol Ph iceteal ~crops elt, Can | be .applvedw.i1n sbeth 
preemergence and postemergence treatments, controlling a 
variety of broadleaf weeds and certain grasses (61,62). 
Since 1979, this herbicide has been tested on a world-wide 
Scale under the code name DPX-4189 (6).,The manufacturer, 
Ewt. DuPont de Nemours.& Co. Inc., anticipates, the licensing 
Or wenlorsulturon in Canada fOr .cOonmmercialssale: Im alee2. .ia 
will be marketed as a 75% dry flowable formulation under the 


traqge mame GLEAN (12). 


(eal 


2-chloro-N-[(4-methoxy-6-methyl-1,3,5-triazin-2-yl)amino- 
carbonyl]benzenesulfonamide 


Figure 1. Chlorsulfuron chemical structure. 
‘ At the time of writing, this common name has been approved 


by the Weed Science Society of America, but not by the 
Canadian Standards Association. 
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Ongthenbastsi@otemitsPechemical gastructtrem (Figuresed) 
chlorsulfuron» cannot =be*»sclassified easily according to 
existing groups of herbicides. The molecule contains both a 
substituted urea and a substituted triazine core group. 

Chlorsulfuron can be synthesized by reacting equivalent 
amounts of 2-chlorobenzenesulfonyl isocyanate with 
Aeaminos4-methoxy-6-methyl—1) 3,5-triaziné» in! sacetonitriles 
The final, desired product@mis Han odourtesss ywhiter 
Guystallanepsolidiwithva meltanggvointectey74)— a78°Crandi sa 
molecular weight of 357.8. Chlorsulfuron is moderately 
soluble in methylene chloride, ethyl acetate, and 
tetrahydrofuran; it is less soluble in acetone and 
aCeLOnItEdlewpandsat 1s Woteeveryea lows solubility Sins such 
hydrocarbon solvents as toluene and hexane (6,62). Its 
solubility in water is 125 ppm at 25°C. The vapour pressure 
Sfeachlorsul furonayi set. taxi 0s* mmeHowate 25 Ce lwhichkisuaow 
when compared to other herbicides (5). 

Chlorsulfuron is a weak organic acid that has been 
observed to degrade by hydrolysis on storage in such protic 
solvents as methanol, ethanol, and acetone. The half-life is 
about one week in pH 4 buffer, one month at pH 7-9. The 
hydrolysis products are 2-chlorobenzenesulfonamide and 
2-amino-4-methoxy-6-methyl-1,3,5-triazine. These products 
are readily separated by means of thin layer chromatography 
CanowrmeDuPont “ceports, thateschlorsulfurony asg@esubgect# eto 
photolysis under sunlight in aqueous solutions (6). Under 


these conditions, half-lives of 2 to 4 weeks have been 
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ensemved  Chlorsulsuronaismestablewastasdry®? fiim, one gdass; 
bUDpeit Us@subjectPtompnotrolysis onedryusor! orPongedry) plant 
Matter;Swith.a haki-=lifesof 6’ tosS weeks. 

Toxicological tests suggest that chlorsulfuron is of 
comparatively low mammalian toxicity. Its LD;, for fasted 
Mater prats®eisrs545emg/kq.+Chlorsulfuron is rapidly excreted 
DywEracs BV uaereuhe™ urine without undergoing extensive 
metabolism,eeNeither tchlorsulfurone inor! Sits» hydrolysis=or 
metabolism products have shown any potential accumulation 


ENpoughathe@iood chainat6): 


2.1.2 Herbicidal Behaviour 

Field research in Western Canada in 1979 (71) has 
indicated that a postemergence application’ of 50 to _ 100 
g/ha of chlorsulfuron provides good control of such common 
broadleaved species as Tartary buckwheat, pale smartweed 
(Polygonum lapathifolium L.), lamb's quarters (Chenopodium 
album L.), hempnettle, stinkweed (THlaspi arvense L.), wild 
buckwheat (Polygonum convolvulus L.), redroot pigweed 
(Amaranthus retroflexus L.), common chickweed [Stel laria 
media (L.) Vill.J], henbit (Lamium amplexicaule L.), cleavers 
(Galium aparine L.), and Canada thistle [Cirsium arvense 
(L.) Scop.]. Most annual grasses, including wild oats (Avena 
fatua L.); are tolerant, except green foxtail [Setaria 
viridis (L.) Beauv.], whose growth can be suppressed by a 


PSTHEOUGHOUL EniSethesis, herbicide rates are recorded in 
Grams, orekilogramsyotractive angredient perehectares 
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preemergence ,S incorporated) treatmentwot 70Ug/ha, The cereal 
crops are tolerant tom #ehlorsulfuron: Flax (Linum 
usitatissum), field beans (Phaseolus vulgaris), lentils 
(Lentilla lens), and rapeseed are susceptible, especially 
when ehlorsulturon is applied in a preemergence, 
incorporated treatment (29). 

The reports on 1980 herbicide field research in Western 
Canada indicate results similar to the ones obtained in 1979 
USO) RO 2 Ine generale eein 219808Sitfowase® founds that®ratestor 
ehtorsulfuron aeselow fase 410 “to. 40 g/ha’ “qave “acceptable 
results, especially if an adjuvant was added. At these lower 
rates, the control of such annual weed species as Tartary 
buckwheat, henbit, Russian thistle (Salsola pestifer A. 
Nels.) became marginal, especially at the later leaf stages. 
Stinkweed, rapeseed, redroot pigweed, and lamb's-quarters 
Couldrbescontrollediwith®saq7halotsechiorsulturon, 

Levitt et al. (62) report that a postemergence 
appimicatconeoleechlorsulfuron@atwig/ha insams0 72% “Tweenee20 
{oxysorbic (20ETO) [polyoxyethylated sorbitan monoleate 
(polysorbate 20ETO)]} solution effectively controlled such 
weeds as velvetleaf (Abutilon theophrasti Medic.), common 
morning glory (Ipomoea purpurea L.), and wild mustard 
[Brassica kaber (DC.) L.C. Wheeler]. Rates of 8 g/ha or 
higher were required to Control cocklebur (Xanthium 
strumarium LL.) and jimson weed (Datura stramonium L.). 
Severe wheat (Triticum aestivum) injury occurred at 120 


g/ha. In preemergence applications of chlorsulfuron a rate 
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of 8 g/ha was needed to control wild mustard and common 
morning glory, while 16 g/ha was required to control velvet 
leahe Ene ondere@storecontrol giant -foxtanul (Setariatapenti 
Herrm.) and cocklebur, 125 g/ha had to be applied. This high 
rate did not effectively control cheatgrass (Bromus 
secalinus L.) and crabgrass [Digitaria sanguinalis ( lL.) 
Scop.]. Neither wild oats nor wheat was severely affected by 
this high rate of chlorsulfuron. Other weeds that can be 
controlled by either a preemergence or a postemergence 
aoplication sof sl6eg/ha sane skoehta-alKochia  ‘scopaniay (lL) 
Schrader], false chamomile (Matricaria inodora), dog fennel 
(Anthemis cotula L.), and wild buckwheat. 

On the basis of a worldwide review, Palm (72) concluded 
that winter and spring wheat and barley (Hordeum vulgare) 
have shown the greatest tolerance to preemergence treatments 
otmechlorsulfuron, «The yieldsot.thesescrops ;commonly has, not 
been reduced by rates as high as 100 g/ha. The tolerance to 
preemergence treatments is adequate for wheat but inadequate 
for barley. Winter wheat has shown no injury at 40 g/ha, 
applied either preemergence or early postemergence in _ the 
Facies ewinter barleyecanetolerate postemergence, treatments up 
boms0aG/ha- 

Hageman and Behrens (42) evaluated the response of 
several spring wheat, barley, and oat cultivars (Ae) 
preemergence and postemergence applications of chlorsul- 
furon. In the greenhouse, preemergence applications of 1000 


g/ha reduced the average height of the wheat, barley, and 
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oat (Avena sat Iva) cultivars byeyoolye@ics fandss 077 
respectively. There were significant differences among the 
wheat and barley cultivars. All treated plants had severe 
interveinal chlorosis. In the field, wheat, barley, and oat 
cUltavarsie@ werertitolerant | tote2509" g7ha*roisech!orsulturon, 
applied preemergence, with no differential Cunt Var 
response. Chlorosis was observed at only one of the two 
Jocations*. 

Postemergence applications of 1000 Meg 7nale ini siche 
greenhouse resulted in a 40 to 50% reduction in the height 
of wheatltand ebarleyaicultivars mands a..20.tor 30% height 
reduction for oat cultivars. Moderate interveinal chlorosis 
was observed in wheat and barley cultivars, but not in oat 
Cultavarcs, G§Eield. evaluation Sof082501ecg/ha chlorsulfuron 
postemergence application revealed the tolerance of all 
cultivars. No chlorosis or stunting was observed. The yield 
of durum wheat was reduced by a 250 g/ha postemergence 
application, but notoby”avi25 g/ha’ treatment. 

Roberts and Bond (80) assessed chlorsulfuron for weed 
control in vegetable crops. Applying 5 g/ha of chlorsulfuron 
in either a preemergence spray application Oruna 
preplant-incorporation treatment, resulted in almost 
eompleteskidil offallevedetableveropst tested. 2A, postemergence 
application of 40 g/ha to these crops at different growth 
Stages also resulted in death or severe injury. The most 
tolerant species present were black nightshade (Solanum 


nigrum L.), annual bluegrass (Poa annua L.), perennial 


na day bide qa 6 tevitaddb a neeote 


ody st aefyp oon" $5 ‘gaat teoringe) ion 39 
sigue: Gls nF- NOisa,bss 230, o) Ce 8.0: Sacsiagss swreidneeray 
sapien 005.023 G& 6 ors wavs duds gefusa~ Goa ceody 30 
beesetes) limdisevaesad evackbhst: ietavidivs Seu 70%‘ ankeene 
sae #i seer 408 Lua ld en yalsat tes toate ot Savoeete 
goudtit¢etonhir pike es to i ocsteblave Bleme, .1eetee > 'f 
Sia de @>eatels2 o3 Sefasvet Tprvegt oq ee ; 
Sieic af? .beetsad: Ged phcirdte xy ciaorsie> SH -eTeNeeeee 
acnepioietecy HAe tH 6 te teevbe: ca ~iyde mn We 

| teasgeers ode 01 « qo con tue .coicesiiggE 
fase 268 cswePietrolts Seberets (99° cite See seieickh 29 
OGcoSiowsects to. €4 xe 2 Eriyiqah .egcso -lcerspey 5) igungee 
@ se © neiganiiggs = eee! oondgtecten, .& (retin, COP 
Secale «ai Ss2iueo7 44aasts~ “2izevonrsesqs sae . | 
wneepsetereds A “feted? agers ei cicess (ic 2g fae 
teu.“ Dreeeitie- Ed Senne seeds o7 afvc 44 36 -aeks 
“geen 840 sprutsi Staves Te fresh ff hws luass eehe,, b 
WPSick) vtatarigin HOgis eyes sokeut4 emia sehen 
er a (eenngauls ver tide 


a . 


7 


ryegrass (Lolium perenne L.), bird's-eye (Veronica persica 
Poir), and earth smoke (Fumaria officinalis L.). 

Richardson@iet (#alere79) reported ‘that schlersulfitrem at 
40 g/ha severely damaged perennial rye grass seedlings. 
McAteer and Courtney (66) tested mature stands of a range of 
varieties within each of the main agricultural grass species 
DOLeetieire tolerancereto wchborsulfunons Bothither2@ and 40 
g/ha treatment caused a marked reduction in the growth of 
perennial rye grass, Italian rye grass (Lolium multifilorum 
Lam.), and fescue (Festuca elatior L.) varieties. The growth 
of orchard grass (Dactylis glomerata L.) varieties was 
reduced by the 40 g/ha rate only. 

When the herbicide antidote NAST Gi eSanaphehalic 
anhydride) is applied to corn seeds prior to planting, the 
developing corn seedlings will be protected from relatively 
high rates of EPTC (S-ethyl dipropylthiocarbamate) (51). 
Packeruret) Galo! (73) thavetshownnithattheatolerancesofacorn, 
sorghum (Sorghum bicolor Moench), and rice (Oryza sativa) to 
chlorsulfuron can be greatly increased by seed dressing with 
this herbicide antidote at 0.5% (w/w) of the seed weight. 
However, because of their high sensitivity to chlorsulfuron, 
these crop plants still suffered severe chlorsulfuron damage 
abeseo/ha. NA doesinotectfer anyreprotectionitoschiorsuiiuron 
in rapeseed, sugarbeets (Beta vulgaris), onions (Allium 
cepa), dwarf beans, and perennial rye grass. Wheat and 
barley are well protected by 0.5% NA. in barley, 


chlorsulfuron rates as high as 400 g/ha did not adversely 
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anfectenithesshootedryiweightsatnis teculdeofier possibi bivres 
for the control of such problem weeds as Bromus spp. DuPont 
suggests these species are of intermediate susceptibility to 
ehilousubbtiron 6)" 

The influence of surfactants on herbicide efficacy has 
been investigated extensively (10,32,54). The herbicidal 
periormance sot © chiorsulfuron tcouldtalso be "enhanced “by “the 
addteLontoehhnon- tonic ésurfactants 1078)). “Theeadd fel onuchn0l sy 
Agral 90 (90% alkyl phenol ethylene oxide condensate) to the 
chlorsulfuron, (80% WP) spray solution, 5 g/ha, significantly 
reduced the fresh weight of rapeseed seedlings in a 
postemergence application. This reduction was less, although 
Soi pesignitireant Amwith theeadditionlof yeither 0 S57eAtplus 
300F (80% polyoxyethylene sorbitan fatty acid ester), 0.5% 
Cihetowet sePlus O050% uealky Vacyl wepolygqiycol © ether )iatorn0 25, 
Renex- 36 [Polyoxyethylene(6)tridecyl ether]. The 
concentration isof PyAgral s90igin *thedspray esolutron could vary 
between 0.025% and 0.5% without significantly affecting the 
results. 

Chow and Taylor (18) used five Ethylan (nonyl phenol 
ethylene oxide condensate) surfactants with HLB* numbers 
Between aml) soccer 7 Ae em LO a2 oat Pathe Qsprayesoimtion, to 
determine the influence of surfactant character on the 
Ghaicacy. tem tchlorsubiusom, Gihey foundethatethe fsurtactant 
>The HLB number, ranging from 0 to 20, 1S a quantitative 
expression used to indicate the balance between the 


hydrophilic and lypophilic parts of a surfactant molecule. 
A high number indicates a more hydrophilic molecule (10). 
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with an HLB number of 17.4 increased the effect of a 5 g/ha 
application of chlorsulfuron (80% WP) on rapeseed seedlings 
the least. No significant differences were observed between 
the effect of surfactants with HLB numbers ranging between 
LORS Bandyei6.0teeSincey thesHEBinumberstot Agral #90; eAtplus 
300F, Cittowet Plus, and Renex-36 are all within this range, 
Chow land STayloretconcludederthats the differences) in their 
modification of chlorsulfuron efficacy cannot be accounted 
for by the differences in their HLB number. 

The same authors also determined the amount of 
chlorsulfuron intercepted and retained by rapeseed seedlings 
by adding a fluorescent dye to the chlorsulfuron spray 
solutions. The rapeseed seedlings sprayed with a solution 
that contained Agral 90 had the. largest amount of 
ehlorsulturonp) pers unite dry gweight<seThis observation may 
account for the greater increase in chlorsulfuron efficacy 
by Agral 90 than by the other three surfactants. 

One of the most pronounced effects of chlorsulfuron = on 
susceptible plants is growth inhibition. When young corn 
seedlings were placed in nutrient solutions containing 1 to 
100 ppb of chlorsulfuron, net increases in the weights of 
shoots and roots were significantly reduced after 48 hr at 
auderconcentratironsen</7).9Sixenourstatteriecnlorsulfuren had 
beenwapplieduto thertoliage ~otvealeyoungescorny plant) oe the 
Growtheurate’wassonly s50x7eo0fethercontrol. The) growth; rate ot 


resistant species remained unaffected. 
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Chilorsubturon at@tconcentrations “of 700) %ppm Shad “no 
effect on 0, evolution of isolated pea (Pisum sativum) and 
spinach (Spinacia oleracea lL.) chloroplasts. The 
incorporation of ‘CO, into the leaves of susceptible plants 
also was not affected by chlorsulfuron. The respiration rate 
OPVepea! roors-+Gtreated ewitheei0? ppm sof chlorsul iuron was 
HUENt Leal Stoethe controlerates, forsasMionqtas 46 hr: 

Chiorsulféuron at e8eoncentrations SupSto. 10 °ppmedidanot 
ablect eGthe eindolestacetic acid-induced elongation of 
etiolated pea stems, nor Sthewm cy tokinin=induced cell 
expansion in cucumber (Cucumis sativus) cotyledons, nor did 
it affect the gibberellic acid-induced elongation of lettuce 
(Lactuca sativa) hypocotyls. Thus, the effect of 
CHrorSulfuron®+Olmagrowthw trate Sis °not Bdinectly due tosan 
effect on cell elongation or expansion processes in 
susceptible plants. 

The cell division process appears to be extremely 
sensitive to chlorsulfuron. The mitotic index of broadbean 
(Viclavfabay root tips was reduced frome6v4 toyoro Sdivision 
Eiguces spérevr00 “cellls® after ®*treatment? ‘with =) yppm= sor 
chlorsulfuron. This was also demonstrated by the inhibition 
Gay H-thymidinéwincorporation nto treatedvcorn roots. ele vs 
generally assumed that this test provides information on the 
amount of DNA synthesized in cells, which is a function of 
theeamount of ecell “division voccurring 11,16) “SsFour hours 
after ereatmnente evens (U@tppbekObe eclloOrSuULEubpon y= sa soU.4 


inhibition of *H-thymidine incorporation into corn root tips 
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could) be observedse= Duringse thisssperiod;-. preteims and! RNA 
synthesis were not affected. Ray suggests that all these 
resu | tSesundicate thar the primary target Site of 
ehlorsuluron as cell-divisiong(78) . 

In order to localize the site of action of herbicides, 
several techniques can be used (7,'25,33,55). De Villiers. et 
alewul22jestudred the effectyotiechiorsiiturongs on. dit ferent 
plant biochemical processes, utilizing single, enzymatically 
LSOvated{en leaf. cells, sand isolated chloroplasts. He 
eoneludedsesthat the “primaryeetfects | ofvechlorsulfurchtaan 
isolated leaf cells is on photosynthesis. Chlorsulfuron also 
inhibited such processes aS reSpiration, RNA synthesis, 
lipid synthesis, and protein synthesis, but to a much 
smaller extent. This inhibition could be an indirect effect, 
Since in isolated leaf cells these processes are dependent 
upon photosynthesis for energy supply. Since chlorsulfuron 
does not affect the light-induced ATPase activity of 
isolated chloroplasts, it is suggested that it inhibits 
photosynthesis by inhibiting PS ITI-mediated oxygen evolution 
((eo7)2 The Specific Site involvedwin this anhibitoryeaction 
has not been determined. Ray's work (77) indicates that the 
oxygen evolution of chloroplasts incubated with 100 ppm of 
chlorsulfuron is not affected. Since the inhibition of 
photosynthesis, as reported by de Villiers, occurred at high 
coneentrations of chlorsulturon, 10°* 9M, 1t cis) ‘concluded 
that this is probably not the primary mode of action of 


chlorsulfuron. Most photosynthesis-inhibiting herbicides 
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exhibitmtheir effect at much Silower “'cdncentrationsif oie: 
Oise MEG] 

~weetservet falre(69)) havelinvestigated § the étbhasisi® ifor 
Ene *selectivity @fof chilorsulfiurons The tioleranteplants such 
as wheat, oat, and barley, rapidly metabolized chlorsulfuron 
toe aeepolar, P inactive Iproduct .. Thies Simetabolitte has! been 
eharacterpzed as the’ o=gqlucoeside’ of ‘chlorsul furonicim! which 


the phenyl ring has undergone hydroxylation followed by 


conjugation with a carbohydrate moiety (31). No metabolism 
was observed in sensitive broadleaved plants. Black 
nightshade (Solanum = nigrum Ln) also metabolized 


Ghforsulfivuron; "sute to iditiferent products "thanitwheaty toats), 


or barley. 


2.2 Herbicide Persistence in Soil 

It has been observed that chlorsulfuron is sufficiently 
persistent in the soil environment to affect the growth of 
rapeseed one year after application (12,30). DuPont submits 
that under growing-season conditions, the half-life of 
chlorsulfuron in the soil is 4 to 6 weeks (6). Because no 
detailed study on the degradation of chlorsulfuron has been 
reported yet, the intent of this section is to review some 
of the factors that influence herbicide persistence in soil. 
Some extensive reviews (41,45,48,64) have been published 
recently on this topic. This synopsis = follows “closely othe 


discussion by Hurle and Walker (53). 
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The persistence of a herbicide in the soil is dependent 
UpONeUES rate ofeloss) fromPihemsoilbenvironmenty tThisyeloss 
ean POecureabymiincansircteesuchaprocessessasl volatilization, 
photodecomposition, leaching, chemical breakdown, or 
meerobiab. degradationgs:(64)a) Sinces thersproductsy of ithe 
degradation process might be phytotoxic themselves, an 
understanding of the degradation pathway(s) is crucial. 

The raterotielossjofea herbacidetfrom thes soil °ecan™ tbe 
affected by the initial concentration of the herbicide. Both 
for herbicides and for insecticides (28) it has been found 
that at unusually high rates of application, the persistence 
can increase disproportionately. At recommended rates of 
application this effect has not been observed, and the rate 
of loss is independent of the initial concentration. In the 
case of some herbicides, an initial lag phase has been 
observed. During this phase no herbicide loss is recorded. 
The duration of the lag phase can depend on the initial 
concentration of the herbicide in the soil. 

Theimintiuencesseofmrsoiim type onebhesraterof® lossmotla 
herbicide is not well understood. Reports in the literature 
have presented conflicting results. It is suggested (43) 
that an increase in organic matter might increase the rates 
Stwededradasion I1nweminesalesoglsebupitema Limrbingavalues 
above which the rate of loss would be reduced. The effect of 
herbicide adsorption on the rate of loss is also poorly 
understood. Herbicides can be adsorbed by both the _ soil 


particles and the organic matter, reducing the concentration 
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mne@ethesesoilrasolution: Howeverj« thisleadsorption sis not 
neécessaraly aSprotectionanThe microblial\activityse isms greater 
at the adsorption surfaces than in the soil solution (15). 
Besides, the adsorption sites may catalyze non-biological 
Peactions. UThe  adsorptioni ofe chicrsuliiurony to clay is? lows 
Organic matter appears to have greater affinity for this 
herbicide (6). 

mheretiectoot soa pH one thesrate, Ota oss cant bes eather 
die ect Or” Andirect. 17 A Gdnivect “effects occunsi whens lathe 
Stability of the herbicide is pH-dependent; an indirect 
effect occurs when the pH affects the adsorption process or 
the composition of the soil microflora. Although very little 
is known about the principles involved in these processes, 
it has been suggested (19) that the maximum rate of loss of 
a herbicide occurs at those pH levels that are favourable 
for the growth of the specific microorganisms involved in 
the microbial degradation. 

Both temperature and moisture are important factors in 
determining the rate of loss of a herbicide from the soil. 
In general, an increase in soil temperature results in an 
increases san ‘thei rate of) loss; due to’ ancreasessumi rates of 
non-biological reactions and biological processes. There is 
also evidence thatiaithesemate <ofgrilossigaincrneasessewauth 
increasing So1lemomsturercontent,! upmtoMmiueldis capacity.) on 
the Cases amor picloramrc4—-ami nos 5, 6= kumi chiboropiucolannuc 
acid) and atrazine (2-chloro-4-ethylamino-6-isopropylamine- 


S-triazine) it has 
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been demonstrated that the rate of loss under cool, dry 
GONdTevOnSy 158 sienmiveanely lowerw@than under’ thous! wet 
eondrltronse (44747 )% 

ane Bateson Toss teore@agenerbieide Pbrom Sthe Ssortl Fs 
SSPeEncdenceeupons its arstributyvonPewithin! Sthetsor ls eAuethe 
Surtacey=lossestduesto volatilization Sand "photodegradation 
abe  ,expecred *eoekbes thigh. #oinceremicrobial activity ein che 
topsoil is greater than in the subsoil, the rate of loss in 
the former 1s usually greater than in the latter. Field 
experiments have verified the validity of these principles. 

Long-term experiments with repeated applications of 
Such herbicides as Pinueen b3= (3 74-=dichloropheny1)— 
1-methoxy-1-methylureal, trilaillatre BSS02 93: 83-trr> 
chloroallyl)diisopropylthiocarbamate], simazine [2-chloro- 
4,6-bis(ethylamine)-S-triazine], and autroneuls— Gs, 4-an— 
chlorophenyl)-1,1-dimethylurea] indicate that there is no 
accumulation of residues in the soil. This would suggest 
that the use of herbicides does not adversely affect the 
rate of loss of subsequent applications. Repeated 
applications of such herbicides as 2,4-D, MCPA (2-methyl-4- 
chlorophenoxyacetic acid), DNOC (4,6-dinitro-o-cresol), and 
chlorpropham (isopropyl-m-chlorocarbanilate) have shortened 
the initial lag period before degradation would begin, 
presumably due to an adaptation of the microbial population. 

The effect ™ Off aetcrop ton théwrate of@herbicide’-loss 
depends indirectly on soil and environmental factors. No 


general principles have been established. 
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The persistence of a herbicide in the soil may be 
affected by its formulation. In the case of insecticides the 
relative order of persistence was granules > emulsions > 
miscible liquids > wettable powders. Although this order of 
persistence has not been fully verified for herbicides, it 
is generally accepted that granules are more persistent than 
any other formulation, especially with such volatile 
herbicides asetriallate}« propham.o(isopropyl: carbanilate), 
and EPTC. 

Thesratexoliglosseot ajherbicrde fromkthedsotinean valse 
be affected by the presence of another pesticide. Both 
increases and decreases in the rate of loss of several 
herbicides have been observed. Usually it is suggested that 
the impact of the second pesticide on the microbiological 
degradation processes is responsible for the change in rate. 

In spite of the many complex factors that govern 
herbicide persistence in the soil, and in spite of many 
unsuccesful attempts to describe the kinetics of the 
herbicide degradation processes adequately, generalized 
predictions of herbicide losses have been surprisingly good. 
Using a computer model, Walker (94) was able to predict 
accurately the simazine residues over a 4-year period after 
annual preemergence applications of 1.68 kg/ha to maize and 
Seaoukg¢ha brannual applicatirons#to, vegetation-Lreersplogss 
In a Similar experiment this computer model was able to 
predict satisfactorily the persistence, of asulam (methyl 


sulfanilylcarbamate) in five of the six trials (88). 
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2.3 Tartary Buckwheat 

Tartary buckwheat sre aiglabrous, annual plant, 50 ~~ 100 
cm high, that spreads by seed. Its erect, green stem bears 
petioled, light-gréeens alternate leaves that are 
triangular-heartshaped, with widespread lobes at the base. 
The lower leaves are longer-stalked than the upper ones. The 
base of the leaf stalk is covered with an oblique, entire 
ocrea. The greenish-white, apetalous, perfect flowers are 
borne in small, clustered racemes at the ends of stems and 
in the leaf axils. Each flower has eight stamens, three 
Styles, and an equally five-parted calyx. The sharply 
three-sided seed protrudes from the sepals; it is brownish 
CEM gGayyene.Ougia and edule, y-and® tabout ees mn, Long walaneany, 
buckwheat usually flowers in the early Summer and its _ seed 
Matures over a rather extended period (13,34,39,63,69,86). 
It differs from common cultivated buckwheat (Fagopyrum 
sagittatum Gilib.) in that the latter has larger, white or 
reddish flowers and smoother, shining, more Sharply 
triangular seeds. 

Tartary buckwheat is believed to have originated in 
central Asia from the species Fagopyrum cymosum, which is 
foundeifethe Himalaya 17) Quits tdrstribution) tn, Ganada wars 
not well understood S034) 0" tnubeodcurs= #imerthermeastern 
provincess but sonly win) nonth=centualeAlbertatisawit “oregarded 
as a weed. In New Brunswick, Tartary buckwheat has been 
grown extensively as a crop plant. In the hilly regions of 


indtaneeTartany ebuckwheatethas, promiused tc be anrexcelient 
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alternative food crop, due to its great adaptability and the 
Righeca lorie valuel ote 1 pcerdoure (7) 

In Alberta, Tartary buckwheat is regarded as a nuisance 
weedeiS). ACcording tomabrecent@eweedursurvey® (23), Sit ws 
Predominantly = found Pinveaee IS0Skmiewide Metri pay stretening 
latitudinally between Edmonton and the Alberta-Saskatchewan 
border. "The. infestation in “this region is’ classified as 
lignts mein coes i= foemeeaplantym*  weTartary buckwheat is 
especially troublesome in wheat, since its seeds are similar 
in size and weight to the wheat kernels, making separation 
Guerre ti. 

At the time of maturity, the seeds of Tartary buckwheat 
are dormant. This dormancy cannot be broken by scarifying 
the fresh seeds with such chemicals as concentrated sulfuric 
aerdyee 5, Sethancl,s  orsegibberellic@acidm(4 0-21.07 000"ppm) 
(92). A partial removal of both the pericarp and the seed 
coat did not overcome dormancy either; only a complete 
removal of these structures resulted in an increase in 
germination of fresh seed. Dormancy can be broken also by 
storage of the seeds at room temperature for relatively 
short periods, i.e., 28 days (2). This afterripening process 
can be accelerated by a higher temperature, i.e., 40°C (92). 

Germination is also influenced by temperature. Field 
studies have indicated that the period required to attain 
maximum germination increases with decreasing soil 
temperatures (93). In = the “field,” seedlings of Tartary 


buckwheat can emerge from a depth of 10 cm (2). Tartary 
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buckwheat uSually flowers to 6 weeks after the onset of 
germination. The first seeds are mature about 4 to 5 weeks 
Vater © eluet@etoethe indeterminate flowering habit of Tartary 
buckwheat, flowers, immature, and mature seeds may all _ be 
present on the same plant at any given time after the onset 
of flowering. The number of seeds per plant can vary between 
400 and 1100. 

The Alberta recommendations for chemical weed control 
(4) list several herbicides that can be used to control 
Tagvaryhbuckwheateein Kcereabn Cucpsegand phlamepiThiss’ List 


rHemides= Suchstherbicides»s "aSiMCPA, dicambas. (3,6-dichloro- 


Oeanisic acua) | cyanazine (2-ehlore=4—61—-cyano= 
1-methylethylamino)-6-ethylamino-s-triazine], bromoxynil 
(3,5-dibromo-4-hydroxybenzonitrile), Linuron ; metribuzin 


[4-amino-6-tert—buty1-3-(methylthio)-as-triazin-5(4H)-one], 

pEropan? bmG3 be4 b=diuchionopnopionanidide) eipucleramisthe <2,473 
[(2,4-dichlorophenoxy)acetic acid); dichlorprop 
[2-(2,4-dichlorophenoxy)propanoic acid] + 2,4-D, and some 
combinations of these. In the light of these recommendations 
it can be stated that Tartary buckwheat does not constitute 


amGenuousethueat stoftaguiculturnal sproductiron ingAlberta: 
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2.42 CelleDi vision 


2h 4c ieCellecycie 

The growth and development of higher plants is a 
continuous process that comes to expression by means of cell 
davesion, cells @expansien,< and Seelliydrfferentiation. 2eThe 
study of the cell division phenomenon has developed from a 
mere description of the Mitton processes to an 
understanding of the complete cycle a cell passes through 
(14). This cell cycle has been defined as the period of time 
rromeethe formationeor@agcelleby the division? of@i1tst "mother 
ced l' Muntile thatecell itselfedivides  tomtorm twoenew, celts 
(84). Largely due to the developments in cell biology, we 
can now distinguish between four phases in this cell cycle 
(60,95). These phases are: Gi, the pre-DNA synthesis phase; 
S, the DNA synthesis phase; G2, the pre-mitotic phase; and 
M, the phase during which mitosis and cytokinesis occur. The 
Gi, S, and G2 phases together constitute what traditionally 
has been known as interphase. 

Dividing cells pass through these phases in sequence. 
RNA and protein synthesis occur in almost all phases, but at 
different rates (95). The rate of RNA and protein synthesis 
is reduced during the mitotic phase. DNA synthesis occurs 
predominantly in the S phase; a phase during which RNA _ and 
protein synthesis also occur at a high rate. At the end of 


the S phase the total amount of DNA has doubled (96). 
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Except for the Gi phase, the duration of each phase is 
more or less fixed. Cells that do not divide anymore remain 
in the G1 phase. In dividing cells the triggering event for 
all the subsequent phases of cell division appears to occur 
GuBIngeEthis GGiPeperiodee Once the ~S phase “begins, the 
Subsequent phases of the cycle usually follow without delay 
(95) 3 

The study of the action of chemicals on dividing cells 
has contributed to the understanding of the cell cycle (58). 
Chemicals can act on the cell cycle in one of three ways 
(20,83). (i) They may arrest the cell cycle at some stage of 
the interphase, affecting processes in either the Gi, S, or 
G2 phase. Examples of these pre-prophase inhibitors are 
actanomycin “Dy—~ehloramphenicol, Scycloheximidess Gilisdeoxy-> 
adenosine, and hydroquinone (58). Their action is  concen- 
tration-dependent, and at high concentrations some of these 
inhibitors also act in other possible ways. (ii) Some 
chemicals interfere with the synthesis or the orientation of 
the mitotie “spindle. “These tare ithe so-called metaphase 
poisons (58) or mitoclasic agents (83), of which colchicine 
is a prime example. (iii) Inhibitors of cytokinesis inhibit 
Cellviolarenyand) Celle owal lee tormatd on.) = Catteinesmnhasubeen 
observed to produce these effects, resulting in binucleate 
eelis) (38). 

Thevceliedivision processrcantalso vwbel @ailected’ “by ea 
reduction in energy supply (58). Chemical energy is needed 


duringe bouh® themimatotic phase and the interphase. 


on sy 


~~ KS 
-= 


‘(et oe ne 


: ra 
nieme: gresyac shivct 


_ 
ftoge 16 10 


a : ; 
= @ ‘ m a ~ e? 
303 s08vo DALISpRssS BAT -< u 
r : 
a “ ; Lax 4 & = ~ 
WwWS50 565 Biceqage Fereiy-c a. 
* : —_: a =, 
sd niga sea56g ¢€ 
7 = r - - = 
veiee 2uGH2Ce. Welios y.iares > si> 
aed “ a ae _— - 
gifec gale fr 1G. Gis : 
2 od - a = ® 
2) siveg. 4c ans nity 
‘ : 
e~ne 7 r¢ 5 a 2 
> afaece & 4 2 fab ‘ox 
5 » ens ! ca 2Se€o- 
3. = 6 c<a - ars 
af apen F 
~~ oe = a 2 i mits is ee 
—_ _ =e Su = 9 im - 
7 ba os é@ i : i 
$ze+ 7 2? Gace ¢ = 
: j Ls 
Sos re 7 eto Oiees 
te aocoawteinoc s i’ = 
_ » 
sechcegscr of.ter te se 7 


'  ge@@ntsmeieo dori-v if .\ Sb) 2349p6 
iidigai .qseenidorve! bo ast iit 
aesed: 2@a8 seietied: «ne! canr0* 


ejes Louie a 


\s 


Tia eh rae) at . >< i , - 209 
bee - _ 

te 
- 7 
i. 
aa hue 


— — 
2acnrig. Instpestee say. 
: : ' 


ta aid?2 . 


£3438 


aaneiy 


s3ah #¢: to FeuTe Get 
. oO 
pert Eg siz o: Sesvdlatnes 2s 
= 2 
so° 7 36 149 sfoentesd3- 
Oo 
3 -—- ; a The - (ca, os) 
’ : 25 yyesni- ens. 


vs SiG 16 parigg SO. . 
wldinetbadu 4: wboymoelisan 


: euthys oon -enlsoosis 
5 -thebompeb-ndigesd en 
isg¢ Salp etostdinnk ; 
= 7 : pal 
| me 
saart .# .<late 
stabhchcis ye) be) 
’ iJ 2AGMGZS G7 
{<eu.. (gsr tras senths 


25 


Consequently, oxidative phosphorylation inhibitors and 
uncouplers, bee. ¢ dinitrophenols and oligomycin, 


respectively, will suppress cell division (60). 


2.4.2 Effect of Herbicides 

The mode of actions of several herbicides can be 
attributed to their deleterious effect on cell division 
(67). Again we can distinguish between those herbicides that 
mnterfere withythe fermationsand!l functionggofsvthe S=mitotic 
spindle, or the formation of the cell plate and cell wall, 
and those that exert their influence predominantly during 
the interphase period of the cell cycle. These last ones can 
either interfere with the synthesis or active transport of 
precursors into the nucleus that are required for DNA, RNA, 
and protein synthesis, or they can modify the chemical and 
physical properties of these macromolecules and their 
complexes. 

The morphological, anatomical, and mitotic aberrations 
peoducedeby *thegmherbicides® trifluratinel(agetertri flucros 
2 62011 eLosN,N=dipropyl-pr-toluidine), oryzalin (25) Soe 
nitro=N*,N*-dipropyl-stlfanilamide), “promamide:*[N-(1p1-dai- 
methylpropynyl)-3,5-dichlorobenzamide], propham , and chlor- 
propham@eare, Similar Gtorethose observederwith” colchicine 
(Ono) writes mhrbit sonkot nooteelongattonniswelkingsan ‘the 
elongation zone, delay in centromere division, inactivated 
spindle apparatus, and arrest of cell division at metaphase. 
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chemicals appears to be different. Bartels and Hilton (9) 
concluded that the dinitroaniline herbicides trifluralin and 
oryzalin and- the chlorobenzamide herbicide pronamide 
interfere with the synthesis and function of the microtubule 
Subunits. The phenylcarbamates propham and chlorpropham act 
on the microtubule organizing centre. Colchicine seems to 
inhibit the polymerization of the subunits inte the 
microtubules. 

The herbicide 1Oxynil (a-hydroxyvecs + 520i 10do= 
benzonitrile) has been reported to be an uncoupler of 
oxidative phosphorylation (57,84). The resulting decline in 
available ATP can have a suppressing effect on cell 
division. Rost et al. (84) found that a low concentration of 
LOxynd low) eruMeameacted: gasva pre-prophasesinhibatorpor cell 
division ingpea rootsssThis may lindicate/sthat Gthe sprimary 
biochemical action of ioxynil is not necessarily related to 
the effect on oxidative phosphorylation. This example 
illustrates the necessity of considering dose responses to 
herbicide «treatments; alSo sins mode of saction» studies: 
D'Amato et al. advocated this already in 1960 (20). 

The syntheses of DNA, RNA, and protein are important 
peocessess in ethecgcel] “cycle. Usually; etherscitect) potaa 
herbicide on these processes is determined by the 
incorporation of radiolabelled precursors into DNA, RNA, and 
protein by excised plant tissue, e.g., root tips (65,67,68). 
Ashton et al. (7) have developed a method to study these 


processes using single, enzymatically isolated, leaf cells. 
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THe sede pendency Net “DNA, GRNAVe ands protein Msynthesiseeon 
chemical energy has complicated the study of the inhibitory 
action of herbicides on these processes. Gruenhagen et al. 
(40) have established correlations between the inhibition of 
RNA and protein synthesis and reduced tissue ATP 
Goneent batzvons. ©uThey -found@that’ the strongest inhibitors of 
RNA and protein synthesis were also the herbicides that 
HECUCEGSRENG SGISSUeéMATPicontent significantly. Similarly it 
was found that the inhibition of RNA and lipid synthesis in 
isolated cotton and soybean leaf cells by the herbicide SAN 
6706 [4-chloro-5-(dimethylamino)-2-(a,a,a-trifluoro- 

Mecoly l)23( 2h) -pyetdazinonel @isean@indirecteresult cot «an 
inhibition of photosynthesis (76). 

A direct effect upon DNA and RNA synthesis has been 
Beporreas fOreetrreluralinted] 494 “arrazines=(75), andes sthe 
experimental herbicide WL 29226 [4-(2,6-dichlorobenzoyl- 
oxymethyl)-4-ethyl-2,2-dimethyl-1,3-dioxolan] (16). In these 
instances the herbicides interacted with the chromatin. 
Chromatin consists mainly of approximately equal amounts of 
DNA and histone proteins (60). The histones are small, basic 
Broveins rich in lysine and» argiunines=They appear to “be of 
fundamental importance in the structural organization of 
Ghiromatiune sAlthougneethers function as specific gene 
repressors remains “in® question, they do’ play “a ‘role in 
Begulatumgutransertpe some op). 

It has been shown that atrazine applied to 4-day old 


etiolated soybean seedlings 6 hr before isolation Of 
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chromatin, enhanced the chromatin-directed RNA synthesis 
CHS. This is probably due to increased template 
avathabilityeesTrifiuraten applied £C etiolated conn 
seedlingss 6 to 12 hrebeforevthe isolationsof chromatin from 
the roots reduced the chromatin-directed RNA synthesis (74). 
THis@lis Satcerbuted bola possublesbinding ofutritluralinito 
the chromatin, with a subsequent reduction in template 
averlabuipty forgtranseriptvon. 

Burrows (16) reported that WL 29226 reduced the level 
of RNA synthesis in 60-hr old wheat seedlings. Since this 
reduction «couldmnoetebesaceounted for "by the reduction in 
uptake of precursor molecules alone, the herbicide is 
considered to have a direct effect on nucleic acid 
biosynthesis. Monitoring the DNA polymerase activity on 
chromatin isolated from herbicide-treated maize and barnyard 
grass, it was found that the activity was stimulated in 
barnyard grass and reduced in maize chromatin. The failure 
Gh awhae29226' “to sinduce anwinhibitionsinrvitrosonmisolated 
chromatin does not suggest a direct interaction between the 
herbicide and chromatin. It appears that this herbicide 


alters the integrity of the chromatin. 


2.4.3 Effect of Hydroxyurea 

Hydroxyurea is an effective inhibitor of DNA synthesis, 
butertehaseiittlevetfectvonathesessynthesisrcoft ERNA Eandzecof 
pEGtcIMpE CSO ijic TheuserlfectsnoneuDNAsesynthesisc@icseacady 


reversible by transferring the treated tissue to’ a “growth 
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medium free of hydroxyurea. Young and Hodas (97) suggest 
that hydroxyurea interferes with the Leductronenor 
ribonucleotides to deoxyribonucleotides due to the 
inhDoporen of the enzyme ribonucleotide reductase 
W2an46, 90", PRosenkranghet@alwe (82) @hobserved Ethat tein teehee 
bacteria Escherichia coli the hydroxyurea-induced inhibition 
of DNA synthesis iS immediate. This indicates that either 
hydroxyurea interferes with a rate-limiting enzymatic 
reaction concerned with DNA synthesis or it reacts rapidly 
with the DNA, preventing it from serving further as a 
template for DNA synthesis. 

Cytological investigations have shown that cells that 
were in the S phase while being exposed to hydroxyurea were 
lethally damaged. G1 phase cells survived but were prevented 
from beginning DNA synthesis. G2 cells also survived and 
progressed in their development to the end of the G1 phase 
(87). Even though hydroxyurea cannot be classified as a 
metaphase poison as such, chromosomal aberrations have been 
ebsenvedaim broadbeanetrootel tips Satter S6NGhneein 10-0 M 
hydroxyurea. These aberrations are similar to the ones 
obtained after treatment with inhibitors of 
deoxyribonucleotide synthesis, suggesting a similarity in 
action. (59). 

Barlow (8) observed that the time needed to reduce the 
mitotic index of hydroxyurea-treated corn root tips to zero 
waS approximately equal to the duration of the G2 period. 


Although he did not report the actual length of this period, 
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it is known that, depending upon their location, the cells 
in the corn root tips divide every 12 to 27 hr. Experiments 
with bacteria have shown that the rate of *H-thymidine 
incorporation into hydroxyurea-treated cells decreased 
Significantly 4 to 5 min after the onset of the treatment 
(82). In the case of broadbean root tips a 3-hr treatment 
Wiens (0° 3M hydroxyurea resulted -in “a@°°76% Gnhibition ~of 
>2P-incorporation into DNA (59). These results indicate that 
hydroxyurea acts rapidly. 

Because of its specific action on DNA synthesis, and 
the resulting inhibition of cell division, hydroxyurea has 
been used to study growth in the absence of cell division. 
Barlow (8) used 10°?) M hydroxyurea to determine whether 
cells in different regions of the root meristem of corn have 
intrinsically different rates of growth. Hoppe (52) studied 
the interaction between hydroxyurea and diclofop methyl 
{methyl 2-[4-(2,4-dichlorophenoxy)phenoxy]propanoate} on the 
radicle growth of corn seedlings, in order to elucidate 


further the mode of action of the latter compound. 
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3. MATERIALS AND METHODS 


3.1 General Procedures 


3.1.1 Field Experiments 

During the spring and summer of 1980 and 1981 nine 
field experiments were conducted at four different sites in 
north-central Alberta. Table I presents detailed information 
on each site. In all experiments the experimental design was 
a randomized block. All treatments, including the weedy 
control treatment, were replicated four times, except at the 
St. Albert site where only three replicates were used. 
Barley, wheat, wild oats, and Tartary buckwheat were seeded 
with a press drill at 15-cm row spacing. Rapeseed was seeded 


at 22.5-cm row spacing using an experimental-plot seeder. 


Tabkewi. Information on Field Experiment Sites. 


Site So1leteéxture Spite OfM, > Sandro i teGiay Plotesize 


he % % % m 
Ellerslie loam Se CS. 38 47 ie TBs xeone 
Neerlandia sandy loam 8343 48 44 8 Si Ogx? 34.6 
Villeneuve clay loam (Ons 33 4] 28 ENO) Be Shs 
St.ealberte siz elecoam go: 0 9.6 1g 58 29 SiO) Xue 65 0 


+ Determined with distilled water method. 


Herbicide applications were made with a _  bicycle-type 
plot sprayer equipped with TeeJet 8001 nozzle tips. The 


spray volume was 100 L/ha and the spray pressure was 276 
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kPa. Spray nozzle height was adjusted to 50 cm above the 
target. In the case of postemergence wild oat herbicides the 
Spray anglel ywasom45°omtorward®) hinlalivother tnstances tthe 
Spray was directed straight down. 

Throughout the growing season all experiments were 
nakedevisuallyeior cropeanguryland weedecontrol .“Atsthesoime 
Ole sharvestveetheniqrarnm yvieldastand, the@dryeweigqhtt@orethe 
weed(s) per m* were determined. In the case of rapeseed, the 
Gry weight instead of the yield was determined. Statistical 
analysis of the field data consisted of an analysis of 
Vardance, and, *if© the Fsvalue “was significant at) the “5% 


level, a Duncan's New Multiple Range Test (26). 


3.1.2 Controlled Environment Experiments 

The controlled environments used in this study were a 
greenhouse, a growth chamber, and an incubator. In _ the 
greenhouse, plants were grown in individual pots filled with 
qesterilizedc’¥2:45) Tsoi mix (olaysloam:péeatesandi, The 
plants were watered twice daily. The temperature in the 
greenhouse was maintained at 204+2°C. During the summer, 
higher readings have been observed. Relative humidity was 40 
to 60%. The greenhouse daylength was extended to 16 hr with 
a combination of metal halide and high pressure sodium 
lights. The average photon flux density was” 300 UE.m™*.s™' 
(measured with a Li-Cor quantum meter, Model Li-185; Lambda 
‘Throughout this thesis, dry weight refers to the weight of 


plant material after it has been dried at 70 to 80°C for 24 
DOLtoehours. 
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list. (GOT Dieebincolne Nebraska). 

In the growth chamber, Tartary buckwheat plants were 
guown Pein esstyrofoamicupse(200em]) eEilled iwithsherticiltuiral 
vermiculrte. To “obtain a cunrform stand, spre-germinated 
Tartary buckwheat seeds with a 1 to 1.5-cm long radicle were 
planted ti@emebelow thesvermiculrteusurfiaceszethe cups: jewhich 
had five small holes in the bottom, were subirrigated with 
haliscstrength Noeni iHoaghkandtsolutiony, modified toscontaine! 
ppm trroms® The) (reservoir twas sa bwooden ltray "(7/7 % 5/?xe6ecm 
inside dimensions) lined with a clear plastic bag and a 
hardboard lid with 48 holes, sized to accommodate the 
styrofoam cups. Because no light could reach the nutrient 
solution, the growth of algae in the reservoir was 
prevented. 

In order to prevent cross-contamination through the 
nutrient solution following a herbicide application, the 
styrofoam cups with the plants were placed in individual 
MUPEAenryTeservoirs, Titled Bin the @tray siunder them iid, 
before the plants were treated. The cups remained in these 
small reservoirs for the duration of the experiment. The 
nutrient solution levels in the reservoirs were checked 
daily. 

The temperature in the growth chamber was 254+1°C during 
the 16-hr Gay and 2)41°C during’ the night. A combination “ot 
fluorescent and incandescent lights supplied a photon flux 


densutyobe=220—UE.m 7.5 ‘ The relative humidity ranged 


between 40 and 50%. 
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The Stemperaturegvinusthe, incubator SPercival s model 
HasOBi@wasee25215C: OThebe2edohe) day tawasitobtainedS with -a 
combination of incandescent and fluorescent lights, 
Supplying asZ27O0suE im: 2355 'Tphovonetluxidénsitysathne relative 
humidity waS maintained between 60 and 70%. 

All herbicide treatments requiring spray application 
were made with a specially designed pot sprayer. Resembling 
field spraying conditions, the travelling nozzle (TeeJet 
ESOGi)@ewastacabibrated wWtol deliver Wd10urL/7hanrvat e276ekPRa 
pressure in a Single pass over the plants. The nozzle height 
was adjusted to 50 cm above target. 

The experimental design of all experiments performed in 
the controlled environments was a randomized block. Unless 


otherwise noted, six replicates were used in all instances. 


3.2 Control of Broadleaved Weeds 

In order to evaluate the control of Tartary buckwheat 
with chlorsulfuron:, field experiments were conducted at the 
Ellerslie site in 1980 and 1981. In both years, 24 rows of 
Tartary buckwheat were seeded (75 kg/ha) across the front 
part on the plous and severalm@iatessoterchlorsulfurcn@awere 
applied! eat different: .growthpestages. “Phe 1980 experimen: 
included several preemergence treatments. In _ the 1981 
experiments the treatments were applied with or without the 
surfactant Cittowet Plus (0.5% of spray volume). In 1980, 


> Unless otherwise noted, the 75% DF formulation of 
chlorsulfuron has been used throughout this study. 
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the crop was barley (cv. Galt), seeded at 65 kg/ha; in 1981 
the crop was wheat (cv. Neepawa),: seeded at 58 kg/ha. 

The control of hempnettle was evaluated at two 
different sites in 1980. The Neerlandia site was a farmer's 
field with a dense, natural infestation of hempnettle. The 
GeroptGwas®tbarleys (cv.*tFairtield) ,~seedédsat 70Mmkg/ha. The 
treatments included three rates of chlorsulfuron and several 
other herbicides and herbicide combinations. The St. Albert 
Site was a fallow field with a dense, natural infestation of 
hempnettle. The treatments included several rates of 
Ehlersulturone oMCPA, anda eombinatronvot chiorsul furonrmand 
MCPA. 

The Villeneuve site was the location of the cleaver 
GOntnolMmmrex periirent, meconducted an 071980 PeThisepsiteswasna 
farcnen Setiielaguiwith Ga “light; ee natural infestation of 
cleavers. The crop was barley (cv. Bonanza), seeded at 65 
kg/ha. The treatments were identical to the ones of the 


hempnettle control experiment at the Neerlandia site. 


3.3 Influence on the Growth of Tartary Buckwheat 

In the greenhouse, individual Tartary buckwheat plants 
were grown in l5=cm diameter pots. At the 3-leal stage, “ail 
plants were sprayed with 0 or 20 g/ha of chlorsulfuron (80% 
WP) and 0.5% (v/v) adjuvant Atplus 411F (83% paraffin oil 
and 17% non-ionic ethoxylated ester surfactant; Atkemix 


Inc., Brantford). After the treatment, at predetermined time 
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ImLenvals Gover “aas2l<dayroertod, thetheight ofeonetTartany 
buckwheat plant per treatment was measured and the dry 
weight of thePtabovezgqround sportiom ofaithe eshoot was 
determined. 

In the growth chamber, individual Tartary buckwheat 
plants were treated with eight different amounts of 
chlorsulfuronj; ‘ranging from 0 tom0 wg/plant, when they had 
weaGhed sEheti, CA,63 siOr AateaPEStageseiticing hand adjustable 
Pipettor, a 10-u] droplet of the appropriate herbicide 
solution was placed on the adaxial surface of the youngest, 
fully expanded leaf in each instance. In order to ensure 
that only non-hydrolyzed chlorsulfuron was applied to the 
plants, technical chlorsulfuron (99% pure) was dissolved in 
tetrahydrofuran. Immediately pELor to applicat@on, 
appropriate amounts of the stock solution were mixed with 
tetrahydrofuran and water containing the adjuvant Canplus 
ATIESG(83% fparaffin (o1 band? 17% inon-Vonice ethoxylated ester 
Supiactant ss -Atkemix Ine. ,;eBranttord)). orrhe (ufinal agtreatment 
Solution Gomsistecdectal0% ytetrahydroturam, 79e5%4rwater nm 0 45% 
Canplus 411F (v/v/v) and the required chlorsulfuron 
concentration. 

Duning® “them. 10-day period following appl ication; 
detailed observations were made regarding the number of 
leaves, development of chlorosis, development of axillary 
leaves, stem shriveling, and the development of reproductive 
structures. Fourteen days after treatment the vermiculite 


was washed off the roots and the dry weight of the roots and 
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of the shoots was determined. These dry weights were 
analyzed asta split-plot;) the’ leaf stages “at the»? time “of 
application were treated as the main plots, the 
chlorsulfuron dosages as the subplots. Within each main 
plot, each subplot was replicated six times according to a 
randomized block experimental design. 


The effect of the adjuvant Cittowet Plus on the 


efficacy of chlorsulfuron was assessed in a separate 
experiment in the growth chamber. Individual Tartary 
buckwheat plants were sprayed with several rates of 


Ghiorsulbiunon, with or without “Cittowet Plus (0.5% of Spray 
volume). The shoots of the plants were harvested 18 days 
after treatment and their respective dry weights were 
determined. These weights were analyzed factorially. 

The amount of chlorsulfuron intercepted by Tartary 
buckwheat plants, 2 and 4-leaf stage, was determined by 
adding aired “dye .(2-0/L; Aldrich, 21074-97 Acid Rea 4) to 
the Spray Solution. The rate ~of “chliozsulturon “application 
was 20 g/ha. Immediately after spraying, the shoots of the 
plants, ten per leaf stage, were cut into several parts, 
placed in a test tube with 25 ml water, and shaken for 30 
sec on a vortex mixer. The plant parts were removed and the 
solutions were adjusted to equal volumes. Spectrophotometric 
analysis of aliquots of the solutions at 508 nm was done 
with a double beam spectrophotometer (Beckman model ray) 
using the appropriate reference solution. A standard curve 


was established for absorbance vs ug of chlorsulfuron in the 
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solution. )eThe «idry \ weightolofatthesshoot of “each plant Iwas 
determined vandethe fcamount Geof Jachlorsulfuron “retained per 


plant or per mg dry weight was calculated. 


3.4 Interaction with Wild Oat Herbicides 


3.4.1 Field Experiments 

The interactions between chlorsulfuron and 
postemergence wild oat herbicides were evaluated in 
experiments at the Ellerslie site in both 1980 and 1981. In 
both years, 24 rows of wild oats were seeded (42 kg/ha) 
across the front part of the plots and two rows of Tartary 
buckwheat (75 kg/ha) were seeded across the back. In 1980, 
the crops were barley (cv. Galt), seeded at 65 kg/ha, and 
wheat (cv. Neepawa), seeded at 58 kg/ha. The crop in 1981 
was wheat (cv. Neepawa), seeded at 58 kg/ha. 

In both 1980 and 1981, treatment applications were made 
at the leaf stage recommended for the wild oat herbicide. In 


1980 two rates of chlorsulfuron were used, in 1981 only one. 


3.4.2 Greenhouse Experiment 

Theteffect tofmmthreestratesr tofpechlorsuliuronevem. the 
efficacy of postemergence wild oat herbicides was studied in 
aeqreenmhouse experiments Wild Goatss wereteseeded™ ine toscm 
Gtameterepotsetlibledewith soup. One tweekeabteumemergencesthe 


plants were thinned to seven uniform wild oat plants per 
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pot. rThesherbicidesspraysapolications werermadevat the) deaf 
stage recommended for the particular wild oat herbicide. The 
wild oat plants were harvested 40 days after treatment and 
their dry weights were determined. 

This experiment was designed as a split-plot. The five 
wild Soatieherbicides: were*the main plots) thecfotrnrates of 
chveusuifuronsthel subploes SawWwithin®eeach. main #plotpyeeach 
Subplot was replicated four times according to a randomized 
block experimental design. An analysis of variance of the 


Gry weight data was done accordingly. 


3.5 Tolerance of Cereals 

In each field experiment that involved barley or wheat 
as the crop, a record was kept of the occurrence of crop 
ingutryearterstoliarmtreacmene with?chiorsulturon. geingmorder 
toueevaluate!’ the séeffectrsofti high ratess#otrchiorsulfuron on 
wheat, barley, and oats, a greenhouse experiment was 
conducted. Wheat (cv. Neepawa), barley (cv. Galt), and oats 
(cv. Cascade) were seeded in 15-cm diameter pots filled with 
Soil. One week after emergence the plants were thinned to 
nine uniform plants per pote The herbicide spray 
applications were made when the plants had three leaves. All 
chlorsulfuron treatments were applied ina 0.5% Atplus 411F 
Soluctons At 2) S)816,eand 24ndayseatrer treatmenteonespiant 
of each pot was harvested. The leaf stage and the total 


height of this plant were recorded and its dry weight was 
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determined. The remaining plants were observed until 70 days 
after treatment. 

For each Species the experimental design was a 
split-plot. The harvest times were the main plots and the 
Faces won chiorsullturon)themsubplots. within each mameplor, 
Gachesubplett GvasPereplicated Ghive Wetimes@taccardingwita a 
randomized block experimental design. An analysis of 


variance was done accordingly. 


Geoncarryover invSoil 


3.6.1 Effect on Rapeseed Crop 

The 1980 experiment designed to evaluate the control of 
Tartary buckwheat in barley with chlorsulfuron at the 
Ellerslie site, became the 1981 experiment designed to 
assess the effect of chlorsulfuron carryover on rapeseed. In 
1980, all the above-ground barley and Tartary buckwheat 
residue was removed and the site was rototilled twice to a 
depth ot 910 "cm. 9 Soil) samples for chiorsulfuron residue 
analysis were taken at this time. In the spring of 1981, the 
seedbed was prepared with a double disc and drag-tooth 
harrows. In order to minimize mixing of the soil among the 
plots, all tillage operations® were” done parallel to the 
longest side of the plots. Rapeseed (cv. Candle) was seeded 


ate rate of 6 kg/ha. 
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MNT BIORO. ChemeStm Bhbeatasite tac the ulGeattonwon an 
experiment that evaluated the control of hempnettle in 
barley" wreherchlorsul furengepAiter the hanvestormu1979 era Lt 
the above-ground crop and weed residue was removed and _ the 
SHhaeyiwas Seultivated win sthe ispring ‘of 19809 the tplots that 
had received chlorsulfuron in 1979 were rototilled with a 
garden rototiller to a depth of 7 cm. Rapeseed (cv. Candle) 
wasomseeded at tacrate ofe7tkg/hasm@ The @plots ‘that Wthad enot 
received chlorsulfuron in 1979 became the location of the 
1980 hempnettle control experiment at the St. Albert site. 

In the fall of 1980, the above-ground residue of the 
chlorsulfuron carryover experiment and of the hempnettle 
control experiment was removed. The sites were subsequently 
cultivated twrees—-In the spring of —1981, “cboth sites Ywere 
double-disced twice and rapeseed (cv. Candle) was seeded at 


a rate of 7 kg/ha. 


3.6.2 Corn Root Bioassay 

Soil samples were taken from the plots of the 1980 
Tartary buckwheat control experiment at the Ellerslie “site, 
on November 3, 1980. From each plot, three random samples 
were obtained and bulked. For each sample, the topsoil to a 
depth of 10 cm from an area of approximately 300 cm’ was 
collected. Untreated soil was obtained by a Similar 
procedure from the area around the experiment site that had 
not received any chlorsulfuron. The control soil and the 


samples were air-dried in the greenhouse and subsequently 
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Sroredheat 2oC. Priori to analysiseallithe sodl wasl groundsin 
em roigero mid, to passithroughwas 2-mmr screen. 

ii @Marchrencs sel thesconcentration of chiltorsud furonsan 
each sample was determined by a corn root bioassay. In this 
assay, a styrofoam cup was filled with 100 g of sample soil 
ande one) precgerminated cornetseed: | (ev: ePioneer).b3369;0) Fi 
generation; Pioneer Hi-Bred International, Inc., Des Moines, 
Iowa) with a radicle length of approximately 1 cm was placed 
in each cup, 1 cm below the soil surface. After adding 25 ml 
water (pH 7.5), each cup was covered with aluminum foil and 
placed in the growth chamber. When the corn shoot had 
emerged, a hole was made in the aluminum foil allowing the 
shoot to protrude. Because the total weight of each cup was 
kept at approximately 130 g by the daily addition of water 
(pH 7.5), the initial soil moisture level was maintained 
throughout the duration of the assay. Nine days after the 
cups had been placed in the growth chamber, the soil was 
carefully washed off the roots and the length of the longest 
root was determined. 

The standard curve was obtained by a Similar procedure. 
Im this instance, (00°g of control soil was thorougniy mixed 
with 25 ml of the appropriate chlorsulfuron ‘Solution. to 
obtain the desired concentration. These concentrations were 
calculated on the basis of air-dried soil. Six replicates 
were used, both for the standard curve determination and for 
the analysis of the samples. In order to analyze the data, 


all corn root lengths were expressed in terms of percentages 
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of the coun root béngtht lobtainedtgin  ‘scrleewithout 
chleorsulfuron. Asstandard teurve: awithoeits 1695% i nconfidence 
bimits “was drawn; srelatingserooteqrowthein terms of épercent 
enpeonero! nootlhengthstoesthe chiorsulfuronvconcentration in 
the soil. For each sample, the mean and the standard error 
were calculated. Using the standard curve, the corresponding 
Concentrabionneohs ichlorsulfuron, andknts snange on tthe ebasus 
of two times the standard error and the 95% confidence 
bands, were determined. Samples that had a chlorsulfuron 
concentration beyond the sensitive range of the bioassay, 
were diluted with appropriate amounts of control soil. The 
chlorsulfuron concentration of this mixture was multiplied 
by the dilution factor in order to obtain the concentration 
in the original sample. The mean chlorsulfuron 


concentrations were analyzed factorially. 


3.7 Effect on Corn Root Growth 

Corn seeds (cv. Pioneer L3396), surface-sterilized by 
soaking in 70% ethanol for 3 min and rinsed with sterile 
water, were germinated between sterile, moist paper towels 
Soneiieeiny webeecorG In the dark, “Invorder torstudy =the 
interaction between chlorsulfuron and hydroxyurea, five 
Seedss  WEEhmmlOmetOuutocmm Blongg@nadtcles, wene placedeunes 
disposable growth pouch (Canlab B1220) that contained 35 ml 
of the appropriate herbicide solution. Four concentrations 
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hydroxyurea, were assessed. Close contact between the 
growing corn roots and the moist paper towel in the pouch 
was maintained by keeping the pouch between two pieces of 
cardboard, of similar size as the pouch, and by placing them 
deranteangley! 202 °rrom*the=vertrcalyvin Gherincubator, At) the 
Startebor @rhe- Experiment’ @and )«<atesix<l2=hr intervals) othe 
location of the main root tip was marked on the transparent 
pouch and the distance to the previous mark was recorded. 


Fop*teach i2-hr-interval the “dataswere analyzed *ftactorially® 


3.8 Absorption and Translocation in Tartary Buckwheat 


3.8.1 '*C-Chlorsulfuron Experiment 

The radioactive chlorsulfuron used in this experiment 
had a ‘*C-label uniformly distributed in the phenyl ring of 
the molecule (Figure 1). Its specific activity was 222.37 
Bq/ug. 

The experiment was conducted in the growth chamber. At 
treatment time the Tartary buckwheat plants were in the 
2-leaf stage and had been selected visually for uniformity. 
Application procedure 

Prior to applying the. radioactive chlorsulturon’ to the 
plants, the amount required for each of the four replicates 
was transferred from the stock vial to %i-ml cryogenic 
ampoules (Fisher 6-400A) using anhydrous ethyl acetate as 


solvent. After evaporating the ethyl acetate, the ampoules 
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were flame-sealed and stored at 2°C. 

At the time of application the ampoules were opened and 
both tetrahydrofuran and an adjuvant solution were added to 
produceyaiiinal SeCechbousuliuncnisolubiiomrconsisting of 20% 
Gétrahyduofuranyelo.oeewater peands0;5%aCanplus 4712 8(v/vV/vie 
Agi Ustis dreplerectethisksohut ion Nascontaimings aporoximateby 
$578 “Bq “Ofsactivity, ewaseapplied to the tadaxial surface of 
themsecondteruesleanuor leach weplanteeeTher exact) amounts of 
acely ity applied to each plant in one replicate was 
determined iby feputtingr amtsimilane droplets dint) sa liquid 
Scintullationgrvial ‘andwicountingieitaeas koutkined@ below: 
Another 10-ul droplet was saved in order to determine the 
chemical purity according to the method outlined in section 
339 
Harvest procedure 

Atadptferentetimesra| torz240vhnvueattes® creatment;erone 
plant of each replicate was harvested. The treated area was 
washed twice. In each instance one end of a Q-tip was used 
to moisten the area, the other end was used to wipe it dry. 
The solvent used was acetone : methanol, 50 : 50 (v/v). Both 
ends of the Q-tip were cut off and stored in a one-dram vial 
(Canlab V3010-1). The treated area was removed from the leaf 
with a 8-mm diameter corkborer and stored in a similar vial. 
The remaining part of the plant was cut into nine different 
parts; each wrapped in aluminum foil, and,’ together with the 
vials, immediately frozen at -30°C. After all the plants had 


been harvested, all the samples were freeze-dried for 4 
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days, and subsequently stored in a desiccator at -30°C. 
Extraction 
The extraction solvent used was acetone : methanol, 50 

50 (v/v). The samples were weighed and ground in 25 ml of 
solvent with a Polytron (Probe generator PT10) at 18,000 rpm 
BOrRtCWOMlsmangpertods .Afbemyvacuumefilerationeintiosa B50—m 
boiling flask, the extract was evaporated to dryness ina 
rotary evaporator (Buch/Brinkman Rotavapor R-110) at 40°C. 
The filter paper (Whatman No. 2) was saved for further 
analysis. The residue in the boiling flask was dissolved in 
4 ml anhydrous ethyl acetate «and stransieredalto ta 
Scintillation vial. The solvent was evaporated in a vacuum 
desiccator and the vials stored at 2°C. 

Thesfettiretency Foti ethe extraction procedure was 
determined by adding a known amount of ‘'*C-chlorsulfuron to 
non-treated, freeze-dried, Tartary buckwheat plant material 
atwethe Start-*of sthe. extraction procedure. Thesamountecot 
Gpadtoactivityclost inethestransterssandeiiilinatzon  ~ofe the 
extract, and during the solvent evaporation, was determined. 
Quantitative determination 

A liquid scintillationecounter (Packard Tri-Carb 460CD) 
was used to determine the amount of radioactivity in each 
G@xtrachs ablssolvedginy aguknown volume ortanhydroustethnyl 
Age satemeabiaquotssofe the gextractseiweremupipettedgrrntonga 


scintillation vial containing 15 ml of fluor (toluene : 
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2-etrhoxyethanol®:ERPOf;MPOPOP, 670: 330: 4% 1, v/v/w/w)*. 
They vialsuewereOvecountedmeror —208mrndor hunt tiatherstandard 
Suacrr of@fcounting reached GR2%. The results were 
automatically adjusted for background and chemiluminescence. 
The spectral index of the external standard (SIE), coupled 
with the automatic efficiency control (AEC), was used as the 
quench indicating parameter (QIP). The quench indicating 
parameter vs efficiency curve was generated with a series of 
quenched® *SCotoluenetstandagds using planteextracte® aslathe 
quencher. The counter calculated the sample dpm on the basis 
of this curve. If the counting efficiency was less than 85%, 
a smaller aliquot of the plant extract was used. 

A biological sample oxidizer (Harvey 0OX300), using 
Opes Tiley 6 Os (New England Nuclear) as trapping fluor, 
combined with the liquid scintillation counter, was used to 
Getermine the amount of radioactivity in some of the 
samples, the Q-tip ends, and in the filter paper discs. 
Oxidizer efficiency and memory, established and monitored by 
OxLdlzing '4C-standards (Polymethylemethacrylate; New 
England Nuclear) every 50 samples, were 92.9 + 0.2% (sz) and 
0.08 + 0.02% (sx) respectively. Sample oxidation time was 3 
min. Due to differences in counting efficiency between the 
Oxifluor and the cequiar fluor, a multiplication factor shad 


to be introduced into the scintillation counter program that 


calculated the sample dpm. 


6 PpO - 2,5-diphenyloxazole 
POPOP = 1,4-bis-2-(5-phenoxyloxazoyl)-benzene 
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3.8.2 Mutilation Experiment 

In the growth chamber, individual -Tartary buckwheat 
plants were treated with 0 and 7 ug chlorsulfuron 
(technical), according to the droplet application procedure 
described ingsectionkersseTnel plants) aweres ine theie2-leat 
Stage and the droplet was applied to the adaxial surface of 
Enessecond@leafscAtediffierentwvitimes® after Streatmentasathe 
treated leaves were removed by cutting their petioles 1 cm 
above the nodes. Fourteen days after treatment, the plants 
were harvested and the dry weight of the roots and of the 


shoots was determined. 


3.9 Metabolism in Tartary Buckwheat 

In the jexperiment with ‘*C-chlorsulfuron, the chemical 
purity of the applied herbicide and the presence of 
metabolites in the plant extracts were determined by reverse 
phase thin layer chromatography (RPTLC). An aliquot of the 
Saiiple pe aissolved Vin’ 20 )uUl sanhydrous ethyl -aceratve a was 
spotted on the plate (Whatman KC18F; Cat. No. 4803-600) ina 
10 x 2 mm band and dried with a stream of nitrogen gas. The 
total amount of radioactivity of a Similar aliquot was 
established by liquid scintillation spectrophotometry as 
outlined in section 3.8.1. 

The chromatography was performed in a saturated tank at 
25°C in the dark. Before lowering the plate into the freshly 


prepared, seluantyecit iwasvieft .to equilibrate tion lehr. The 
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eluant was acetonitrile (HPLC grade) : 0.1 ™M phosphate 
buffer pH 8.0, 60 : 40 (v/v). After the solvent front had 
travelled 9 cm beyond the origin, the plate was removed from 
the tank and dried at room) témperature for 10 “min? A 
TLC-plate scanner’ (Berthold LB2760) located the radioactive 
regions on the developed plates. These regions were scraped 
Pitoesa Liquid scintillation viel, 15 ml of flucr was added. 
and the samples were counted as outlined in section 3.8.1. 
Phewiniy values of ~*C-chlorsulfturon and its ““C=metabolice 


were established by the same procedure. 


7 Scanning parameters: voltage - 1695 V; time Constant. 10 
Sec; ratemeter - 1K; slit: no. LB6292-1, WIiCthe= 2 hmm; 


length - 20 mm; counting wire length — 25 mm;) scaling factor 
- 8; scanning speed - 120 mm/hr; gas - P-10 (Ow argon, 
balance methane); gas flow setting - 6-8. 
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4. RESULTS AND DISCUSSION 


4.1 Broadleaved Weed Control 

During 1980, preemergence applications of chlorsulfuron 
were ‘inelftective for the control of Tartary buckwheat in 
barley (Table II). Only the 40 and 80 g/ha POPI® treatments 
reduced the Tartary buckwheat biomass significantly, mainly 
due to a thinning of the stand. However, this level of 
control is still unacceptable. 

The effectiveness of Tartary buckwheat control obtained 
with postemergence applications of chlorsulfuron in 1980 was 
dependent upon the rate of application and the leaf stage of 
the plants (Table II). When applied at the 1-leaf stage, all 
Four sates Of “chlorsulfturon, 910, 9207 9407 yand = =80)sg/na- 
resulted in excellent control. The same rates applied at the 
2 to 3-leaf stage provided good Tartary buckwheat control 
also. Although there was no statistically significant 
difference in Tartary buckwheat biomass between the 
treatments. at the I- and at the 2 to 3-leat stage, the level 
of control at the latter stage was reduced, as indicated by 
the scoring data. More Tartary buckwheat plants survived at 
themgrro steal Sstagesthan atuthes|-leat stage. 

On the basis of the Tartary buckwheat biomass, 
Chiorsulfuron applications at the 4 >to 6-leaf Stage resulted 


in a similar degree of control as obtained at the 2 to 


® Postplanting-incorporated 
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Table II. Control of Tartary Buckwheat in Barley. 
1980 Experiment - Ellerslie Site. 


ne re a ee ee 


Tartary buckwheat Barley 
Treatmentstf Rate Score Deyewt. Yield 
g/ha Gyms g/m?¥ 
July 26 Pbloi Wiis Sept.) 2 
Weedy control 0 218 a 256 ‘b-d 
Chiersulfuron Pre .kE. 10 0 Bib lave 36e..0-C 
Chtorsurturony (Prear. 20 | Li6fa=c 426 a-d 
SCnalkersulturon Pre. 40 | ly See 359 b-a 
EChtorsulfuron, Pre. 80 | 147 a-a 409 a-d 
Chlorsulfuron POPI 10 0 7S) aac 34.3 3G 
CGalersulturon POPI 20 0 180 a-b 308 a 
Chlorsulbfuron POPI 40 1 [WA dete! Sele, Calais! 
Chilorsulruron POPI 80 0 ia b=e 45 | yaa 
Chiorsulfuron tS 10 9 S0 hh 548 a 
€hilorsubturon LeLs 20 9 OF 544 a 
Chilorsulturon ass 40 9 i) ae 504 ab 
Chliorsulitucon 1 ES 80 SS) Lael 468 a-c 
GhicesuLiunon @e2—34bS 10 5 6 Ween 2403ea=d 
Ghiorsudluron 253. LS 20 6 18 gh a7 5 2asc 
Ghicesuliuron =2-32LS 40 7 2) fo 404 a-d 
Gavorsulturon %2-Ss.LS 80 a EN Gaia) 434 a-d 
Chlorsulfuron 4-6 LS 10 5 ikcks) dere SRS) Yel ra 
Chlonsuliunom. 426eLS 20 S 925626 380) bed 
Chiorsulturon 4-6 °LS 40 6 aio ota) 454 a-d 
Chrorsuoturone 4>6eLS 80 5 6620-h 420 a-d 
GSD 20e05 ke 124 


tf Leal stage refers to thesnumber of true Veaves*ot Tartary 
buckwheat plants at the time of application. 
PresE. = Preemergence 
POPI = Postplanting-incorporated 

+ Means that are in the same column followed by the same 
letter are not significantly different at P = 0.05 using 
Duncan's New Multiple Range Test. 
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Jeieat stage “(Table Ohl arAmithemt tos6é—-lealrl Wetade, only the 
40 and 80 g/ha treatments gave statistically the same 
reduction in Tartary buckwheat biomass as the treatments at 
chem etsleat stage. On@Bthe Bbhasus of tthe wiscoring #data, 
eppiGatioOns of chlorsulpunonmeat) the “Gaeto@Go=leatmistade 
besultecdesin. Only slimitedm control of) Tartary buckwheat. 
Several plants Survived the treatments. 

Barley yields showed significant increases over weedy 
controls tplots in “only '’¥a few® instances. &@-Because l&these 
increases were small and the yields were variable, little 
importance is attached to these differences. 

In 1981, postemergence applications of chlorsulfuron 
provided incomplete control of Tartary buckwheat, regardless 
Obenthemerater-or= the Gime of application (Table, 11 The 
level of control of Tartary buckwheat, in terms of biomass 
at the time of harvest, was statistically the same for all 
races sof “chlorsulfunon tested, both at the® 2> and at” the 
Boléat stage. The ‘additvon Sot “Uo5, CittowersPlus) tothe 
Spray -sOlutrone™ had = ne ==Ssignificantewericetewine the == iinad 
evaluation. Initially, Cittowet Plus increased the severity 
of the chlorsulfuron-induced symptons in the Tartary 
buckwheat plants. However, this increase was only temporary 
and 3 weeks after the time of application no differences 
could be observed anymore except for a small reduction in 
plant height. This reduction was not quantified. 

Ine ald except a few instances, wheabryields sin treaved 


plots were higher then those on control plots. Because of 
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Table 111. Control of Tartary Buckwheat in Wheat. 
1981 Experiment - Ellerslie Site. 


Tartary buckwheat Wheat 
Treatmentst Rate Score Divyew oe Yield 
Oy m4 ep snee 
g/ha Aug.1 AUG. 15 Aug. 26 
Weedy Control 0 450 a i36aa 
WaoweControle+ CLee, 0 403 ab 15S ya—c 
Chiersulturon 2ass 5 2 268" b-e 204 a-d 
Chlorsul furon 2a 1S 10 4 284 b-d PAG: Lelia 
Chlorsulfuron 2015S 20 4 PRETE Kal 8 289 ef 
Chiles ss CVt tio? aS 5 5 Zeer 298 ef 
Chliors te Citta F2eLS 10 5 B54 ha-c 32452 
Chiors et, Citte 22S 20 6 260 ce 297 ef 
Chihorswi furon Sy ks 5 5 20550-f PIG) FIN = 
Chicremituron bees 10 5) 15 dat 264 d-£ 
€Chborsuliuron 5 LS 20 6 A Se ERSTE Telok 
Chiorsulfuron be GS 40 6 Now? Se 264° a-¢ 
ColorsulLfuron 5S 60 5 | SS tw ne 24980—f 
Genco Cl tos 5 5 225° 0-1 145 ab 
Chi crseacte Cit tee UGS 10 6 1S Sacer 2025 ad 
ChUOnS arte. GLt tae Des 20 6 122) ef 219 b-e 
Chlonstace Cayttew 5a iS 40 6 129 ef 254 aaa 
GhuleGsS 6. Greet. SOS 60 q 9095 250 00-6 
BSH. 0205 119 69 


+ Leaf stage refers to number of true leaves of Tartary 
buckwheat plants at time of application. 
Citt. was Cittowet Plus, applied at 0.5% (v/v) of the 
spray volume. 

* Means that are in the same column followed by the Same 
lettervare not! significantlyedifferentrat Pa= 0205 using 
Duncan's New Multiple Range Test. 
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high variability in these yield data, the importance of the 
yield effects of herbicide treatments is uncertain. 

These results are contrary to what other researchers 
have reported (30). Traditionally it has been shown that an 
adjuvant can increase the rate of uptake of a herbicide by 
Diant Sleavess tAssuming sthatmesuciagis the case with 
ehiensulfuromttalso, Wurstirll bremainsittoebesdetermined ifman 
increase in the rate of uptake corresponds to an increase in 
phytotoxicity. The abovementioned increase in inhibition of 
stem elongation could suggest an increase in the total 
amount of chlorsulfuron taken up by the Tartary buckwheat 
plants due to the presence of the adjuvant Cittowet Plus. 

The differences in results between the 1980 and the 
1981 experiment are enigmatic. Although the crop was barley 
in 1980 and wheat in 1981, it cannot be assumed that the 
difference in crop canopies at the time of spraying explains 
the discrepancy in chlorsulfuron efficacy between these two 
experiments. 

In order to explain differences in herbicide efficacy 
between different growing seasons or between different 
experimental sites in the same growing season, the influence 
of environmental factors must be taken into account (70). 
The weather data for 1980 and 1981 indicate that, in two of 
the three instances, higher maximum temperatures at the time 
of chlorsulfuron application were recorded in 1980 compared 
to 1981 (Appendix, Table Ai). In 1980, the application at 


the 1-leaf stage was made on the morning of a sunny day, 
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with the temperatures reaching a maximum of 25°C. The early 
Morning sapplication at the 2 to G-leat stage was) followed by 
a 22.68 mm rainfall that began aboutesehrlatter applicarion. 
Tieé@appiveation at Lhe Sato 6-feafestageurwas=. made anaethe 
evening; the next day was dry and sunny. Compared to the 
1981 treatments, most of the 1980 treatments provided 
excellent control of Tartary buckwheat, except for the lower 
rates at the later leaf stages, in spite of the differences 
in weather at the time of application. 

In 1981, all applications were made in the evening. In 
both instances some rainfall was recorded for the following 
day. In the case of the application at the 5-leaf stage, 
this following day was very cloudy with a rather high 
relative humidity. Although the addition of Cittowet Plus to 
the spray solution resulted in an increase in chlorsulfuron 
phytotoxicity in the controlled environment experiment 
(Section ©452.4)" ‘assessed’ ei6° days cafiter treatment, this 
field experiment indicated no significant reduction in 
Tartary buckwheat biomass at the time of harvest, i.e., 59 
and 72 days after treatment. The field observations did 
indicate an initial increase in the severity of the 
chlorsulfuron-induced symptoms due to the addition of 
Cittowet Plus. The controlled environment experiment 
supports this observation. 

It would be presumptuous to conclude that the observed 
differences in chlorsulfuron efficacy between these two 


years can be explained in terms of the weather data. These 
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Table IV. Control of Hempnettle in Barley. 
1980 Experiment - Neerlandia Site. 


Hempnettle Barley 
Treatmentst Rate Score Dovewte Yield 
g/ha g/m? t g/m? +t 
Aug. &27 Aug. 2/7 Aug. 27 
Weedy control 0 113 a 269 abd 
Chliorsulfuron 10 9 | C 2247 80c 
Chliorsulfuron 30 9 0 e 33 Cc 
Chiorsulfuron 60 9 0 c REO Neve: 
Bromoxynil/MCPA (1:1) 600 g 3 Cc 335. @bc 
Cyanazine/MCPA (ie2) BSGO id 12 fe 32284 
Dicamba/MCPA ie ase 7 6 Cc 328 fe: 
Linuron/MCPA (ts 270 B50 9 1 Cc 281 be 
Metribuzin 300 9 | e 286 ab 
Metribuzin/MCPA (6:11) 850 g 1 Cc 231 a 
Pictoram/ 2;4=D' e(isi6) 600 c 46 b 298 b 
Dowco 290/2,4-D (1:4) 700 2 Gz2aD ZPB8RaD 
Dowco 290/2,4-D (1:4) 900 3 529 5 278 ab 
BSDA0 805 29 58 


+ Treatments were applied when the hempnettle plants had 
two true leaves. 

t+ Means that are in the same column followed by the same 
letter are not significantly different at P = 0.05 using 
Duncan's New Multiple Range Test. 


data do not present “sufficient sinftormation regarding the 
micro-environment of the Tartary buckwheat plants before, 
duuingyanduatter herbicidetvapplicationw.to evaludatetgsuch 
conclusions. 

The control of hempnettle in barley with chlorsulfuron 
was excellent (Table IV). Even at the low rate of 10 g/ha, 


chlorsulfuron provided a level of control comparable to most 
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Table V. Control of Hempnettle on Fallow. 
1980 Experiment - St. Albert Site. 


Hempnettle 
Treatmentsf Rate Score Dry wt. 
g/ha g/m? +t 
BUG 2 5 SeCDEweZ 
Weedy control 0 349 a 
Chiorsulfuron 5 8 55 Cc 
Chieorsulfivuroen 10 9 2 a 
Chiorsulfuron 2D 9 | é 
MCPA amine 500 3 Pripee le 
Chtorsulé, e+ MCPATam?) 52+ > 500 8 27 Ae 
USD+0%05 a 


+ Treatments were applied when the hempnettle plants had 
eight true leaves. 

+ Means that are in the same column followed by the same 
letter are not, significantly different at. P= 0.05 using 
Duncan's New Multiple Range Test. 


recommended herbicides or herbicide mixtures, without any 
crop damage. The decrease in barley yield in the case of 
metribuzin and metribuzin/MCPA was due to crop injury. In 
thekcase o£ picloram/2;,4-Deanddof iDovwco 42904%/2,4-De ab" lyas 
due toupoorycontrolyot theghempnettliesplants. 

The control of hempnettle on fallow with chlorsulfuron 
was good also (Table V). Even though, when compared to the 
previous experiment, the hempnettle plants were considerably 
older at the time of Spraying, 8- vs 2-leaf stage, low rates 


of chlorsulfuron gave excellent control. Chlorsulfuron in 
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TableaVinasControlpofeCleavers int Barley: 
1980 Experiment - Villeneuve Site. 


Cleavers Barley 
Treatmentst Rate Score # Plants Yield 
g/ha per m?¢ g/m? + 
Aug.) 23 Aug. 29 AUGe es 2g 
Weedy control 0 ima bad cad 
Chlorsulfturon 10 8 6 b-e 484 b-d 
CHitorsuliuron 30 9 1 de 504 b—d 
Chiorsulturon 60 8 le 557 a 
Bromoxynil/MCPA (1:1) 600 8 2 de sche) ete 
Cyanazine/MCPA le) aod g 4 cue 488 b-d 
Dicamba/MCPA (122) 7600 c le 50 -b=a 
Linuron/MCPA i250 7 7 b-e 426 b 
Metribuzin 300 7 ll Jere: 468 b-d 
Metribuzin/MCPA (6:11) 850 6 10 b-d 458 be 
Pteloram/2 ,4-Dee te 16) “600 8 1e S00Cb-a 
Doweo 290/2,4-D (isa) 700 6 13 ab 483 b-d 
Dowco! 290/2,4-D e(124) (900 7 i2mab 479 b-d 
DSDI 0805 : (i 78 


+ Treatments were applied when the cleavers had two whorls 
of leaves. 

+ Means that are in the same column followed by the same 
letter are not significantly different at P = 0.05 using 
Duncan's New Multiple Range Test. 


combination with MCPA amine provided good control as well. 
Chlorsulfuron has proved to be an effective herbicide 

for the control of cleavers in barley (Table VI). Rates of 

30 and 60 g/ha, applied when the cleavers had two whorls of 


leaves, provided excellent control. 
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4.2 Influence on the Growth of Tartary Buckwheat 


4.2.1 Growth Rate 

Tie rate Of growth “Of  Tartary buckwheat: “olants was 
Significantly reduced after they had been sprayed with 
chlorsulfuron 20 g/ha when in the 3-leaf stage (Figures'* 2 
and Shs Up to 15 days after application, 
chicrswlivron-treatedsplamts did mot "Gains in Sheroht, but 
they did increase in biomass, albeit at a lower rate than 
thew contre pe plants... This) 2se due (to "an “inhibition, sor 
elongation of the main stem, and a continued development of 
new leaves, eSpecially axillary leaves, and reproductive 
Structures. lhe mmesulliis aecshort,. duchy plantes.Bigune 4). 

At 15 days after treatment, a great diversity in 
symptoms became apparent. In some of the treated plants, the 
flower stalks and the main stem began to elongate, resulting 
in an increase in the average plant height. In other treated 
plants, many of the leaves became necrotic, resulting in a 
loss of biomass. Thus it appears that, even though the 
initial symptoms are rather similar for all plants, some 
Dlants Parepable torsurviverand Gain in height, while others 


become necrotic and slowly die. 


'° The vertical bars on these and subsequent graphs 
represent the variations of the means on the basis of plus 
or minus two times their standard error. 
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Figure 2. Effect of Chlorsulfuron on the Dry Weight of 
Tartary Buckwheat Plants During a 21-Day Period 
Following Treatment at the 3-Leaf Stage. 
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Figure 3. Effectvoi@Chiorsulfuron *on the Height of Tartary 
Buckwheat Plants During a 21-Day Period 
Following Treatment at the 3-Leaf Stage. 
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Figure 4. Inhibition of Stem Elongation of Tartary 
Buckwheat Plant Following Treatment with 
Chlorsulfuron. 


Figure 5. Stem Shriveling of Tartary Buckwheat Plant 
Following Treatment with Chlorsulfuron. 
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4.2.2 Symptoms 
Number of leaves 

When ~chilorsulfurone 0. 5° tov40 *vq/plant, “was applred in 
a 10-ul droplet to Tartary buckwheat plants that had one 
fully emerged true leaf (1-leaf stage), the development of 
new leaves was slowed down considerably after one day. At 20 
and 40 ug/plant, a complete arrest of new leaf development 
eceurred after’ ™3*"dayst**Near thé” end” “of Ene 10-day 
observation period, small new leaves began to develop on 
those plants that had received less than 20 ug/plant, 
especially on those that had received only 0.5 ug/plant. 

The application of chlorsulfuron to Tartary buckwheat 
plants that had two fully emerged true leaves (2-leaf 
stage), resulted in a reduction in the rate of new leaf 
development. This reduction increased as the dosage 
increased. However, even the highest dosage, 40 wug/plant, 
did not result in a complete arrest of new leaf development. 

A similar observation was made on_ those Tartary 
buckwheat plants that were treated when they had three fully 
emerged true leaves (3-leaf stage). The rate of new leaf 
development was also reduced. In this case, this reduction 
was less dependent upon the amount of chlorsulfuron per 
pranewechan= ave the *l-—"*and= 2-leaft “stage. They rate™ of 
development of new leaves on Tartary buckwheat plants that 
had four fully emerged true leaves (4-leaf stage) at the 
time of treatment, was also slightly reduced. No dosage 


dependency could be detected. 
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Axillary leaves 


The development! of* axillary sleaves« was completely 
inhibited by dosages greater than 0.5 ug/plant, when applied 
abathe d-leafestages Atwther0!Srug/plantadesacges tadfewtsmald 
axillary leaves were observed 7 days after treatment. 
Control plants began to develop axillary leaves 3 to 5 days 
after treatment. When chlorsulfuron was applied at the 
2-leaf stage, limited axillary leaf development occurred 
only at dosages of 0.5 to 5 ug/plant. These leaves were very 
small. At higher dosages, axillary leaf development occurred 
only sporadically, and usually near the end of the 10-day 
observation period. 

None of the dosages of chlorsulfuron applied at the 
3-leaf stage resulted in the complete inhibition of axillary 
leaf development. All chlorsulfuron-treated plants developed 
axillary leaves that were considerably smaller, and fewer in 
mumbere) tthan thegones of the control plants. Application o£ 
chlorsulfuron at the 4-leaf stage of Tartary buckwheat did 
not inhibit axillary leaf development either. Although these 
axillary leaves were smaller, and fewer in number, than the 
ones of the control plants, they were larger, and greater in 
number, than the axillary leaves that developed following 
treatment at the 3-leaf stage. 

Chlorosis 

Chlorosis of the apex is one of the first visually 

observable symptoms in Tartary buckwheat plants induced by 
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GESECOP® -andvVbativald agosages* lof) ichlorsulfurony }0e5atco74e 
ug/plant, chlorosis of the newly formed tissue at the apex 
was observed one day after treatment. The severity of the 
apical chlorosis was similar for the plants treated at the 
1-, 2-, or 3-leaf stage, regardless of chlorsulfuron dosage. 
Aprcal chiorostsfoftplantsmtreated atethes4sleat testaqen was 
less severe. 

Except for the plants treated at the 4-leaf stage, the 
duration of the chiorosis was dependent upon the 
chlorsulfuron dosage. Plants that had been treated at the 
l-leaf stage and that had received more than 2 ug of 
ehtorsnulfuron, Gremagnedtchiorotrostuntiz tharvesteagi4e days 
after treatment. The apices of the plants that had received 
lower dosages, gradually became greener after about 5 days. 
The apical chlorosis of plants treated at the 2- and 3-leaf 
Stages decreased at 5 days after treatment, regardless of 
chlorsulfuron dosage. 

At 3 days after treatment, the non-apical parts of the 
Pagtany buekwheaty plantsitreated atethetia,m2-7 and@e-leat 
stage became isligqhtlystchlorotic. (eThispronlorosis@ remained 
until harvest time, 14 days after treatment and it was 
independent of chlorsulfuron dosage. No non-apical chlorosis 
was observed in plants treated at the 4-leaf stage. 

Stem shriveling 

The shriveling of the stem immediately below the 

cotyledonary node is a typical, chlorsulfuron-induced, 


symptom in Tartary buckwheat plants (Figure 5). The extent 
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and the severity £ this shriveling was a function of the 
leaf stage of the plants at the time of treatment and the 
length of time after treatment. The onset of stem shriveling 
could be observed 4 days after treatment. 

Stem shriveling was most severe in plants treated at 
tne l7handy2rleaft stageshint mahyarinstances;s thesecemplete 
stem section between the cotelydonary node and the roots 
suffteredufromrshrivelingstoevae iqreater, sors’ lesservedegree, 
regardless of the chlorsulfuron dosage. The fTartary 
buckwheat plants that had been treated with chlorsulfuron 
when they were in the 3-leaf stage, had considerably less 
stem shriveling than the ones treated in the 1- and 2-leaf 
Stage. No stem shriveling was induced in plants treated at 
the 4-leaf stage. 

Reproductive structures 

Plants that had been treated with chlorsulfuron at the 
1-leaf stage, did not develop any reproductive structures, 
except at the lowest dosage, i.e., 0.5 ug/plant. The higher 
dosages completely prevented the formation of reproductive 
Structures at this leaf stage. A few reproductive structures 
were observed in plants that had been treated with 
chlorsulfuron at the 2-leaf stage, using dosages greater 
than 10 Yoo/plants GAtehloweretdosages; @thewerepnoduct: ye 
Structures were more abundant. However, their development 
was delayed considerably compared to the control plants. 

Regardless of the chlorsulfuron dosage, plants treated 


at the 35 and 4-leaf stage developed reproductive 
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structures. Although the development of these structures was 
Slower than in the control plants, other experiments have 


indicated that viable seeds will be produced. 


4.2.3 Dry Weight 14 Days after Treatment 

The Tartary buckwheat plants used to observe the 
different symptoms induced by treatment with several dosages 
of chlorsulfuron, were harvested 14 days after treatment. 
The treatment of Tartary buckwheat with chlorsulfuron at’ the 
1—, 2-, Ore 3-Leat-=stage, @resulted.ine.a tlat.dosagen vs 
response curve for all dosages between 0.5 and 40 ug/plant, 
both in terms of shoot and of root dry weight. Applied at 
the 4-leaf stage, a dosage of 0.5 ug/plant was less 
effective in reducing the shoot dry weight than dosages of 2 
to 40 usg/plant. At this leaf stage, no differences between 
the different dosages in terms of root dry weight reduction 
were observed (Appendix, Figures Ai and A2). 

In order to compare the effectiveness of chlorsulfuron 
at the four different leaf stages, the increase in shoot dry 
weight of the treated plants was expressed aS a percentage 
Ofebtne. increase, 1m the. shoot  dryjweight of (the control 
plants during the 14-day period between treatment and 
harvest. In .Figure 6, these percentages are related to the 
applied dosages of chlorsulfuron. These results confirm the 
observations that the efficacy Of) chlorsulfuron, 31s 
significantly dependent upon the leaf stage of the Tartary 


buckwheat plant at the time of treatment. The efficacy 
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LSD 0.05 | 


INCREASE IN SHOOT DRY WEIGHT, 
% of increase in control 


CHLORSULFURON, ug/plant 


igure G@. Effect of Increasing Dosages,.of iChlorsulfuron, 
in Single-Droplet Application at Four Different 
Leaf Stages, on the Increase in Shoot Dry Weight 
of Tartary Buckwheat Plants, Harvested 14 Days 
after Treatment. 
Chlorsulfuron dosages are plotted on logarithmic 
scale. 
LSD value is between dosages of chlorsulfuron at 
the same leaf stage. 


decreases as the number of leaves at the the time of 
application increases from one to four. Because the root dry 
weight data were highly variable, no additional information 
regarding chlorsulfuron efficacy was obtained when the 
ierease in root dry ‘welght of the chlorsulturon-vreated 
plants was expressed in terms of the increase in root dry 
wetght Of the control plants during the 14-day spexiod aiver 


treatment. 
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CHLORSULFURON, g/ha 


Bigure 7. Effect of a Spray Application of Chiorsulfuron, 
with or without Cittowet Plus (0.5% v/v), on the 
Shoot Dry Weight of Tartary Buckwheat Plants, 18 
Days after Treatment at the 4-Leaf Stage. 


4.2.4 Influence of Adjuvant 

The influence of the adjuvant Cittowet Plus on the 
6iticacy of .chiorsulfuron jis, representedm in. Fa gure. gain 
terms of dosage vs response curves. The spray application 
was made when the Tartary buckwheat plants were in the 
4-leaf stage. At all rates of chlorsulfuron tested, the 
agaditron. Of. 20; 5%eeCittowets pPluic. tows the, sSpravea. solution 
Gigniticantly decreased. the adny »Wweidhin ata pwthe tutes aor 
harvest. This decrease 1S primarily due to the formation of 
fewer and smaller axillary leaves and the inhibition of stem 


elongation. 
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Without ISCietowetenPlus,s  thellcurve Mconsisted of two 
Sections, a 5 tOn20" 9/7 haw section sand sa 20" to 80 med) na 
Sect loneeaWithin veachiisectuon, ne Sstatistteallyesiaqniticant 
differences were observed. With the adjuvant, no 
Statistically Significant “difference between “any! of the 


racessoreach lLorsudttron® couldnbemobserved. 


4.2.5 Interception of Spray Solution 

Thes@@ameunt “of *chlorsulfuron» antercepted by Tartary 
buckwheat plants during a spray application of 20 g/ha, is 
recorded in Table VII. Plants that were in the 4-leaf stage 
at the time of spraying intercepted more herbicide than 
those that were in the 2-leaf stage, due to their larger 
total leaf area. When the amount of chlorsulfuron 
intercepted is expressed in terms of ug/g shoot dry weight, 
the plants sprayed in the 2-leaf stage attained a higher 
average concentration of chlorsulfuron than the ones sprayed 
in the 4-leaf stage. Presumably this is due to a_ relatively 
greater increase in the dry weight of Tartary buckwheat 
Olantsethan in@the Weattareasthatecann “Iintercepee the “spray 
solution. Thetediifterence ine *chlorsulfuron’ Sinterception 
(ug/gr dry weight) between the 2- and 4-leaf stage parallels 
the observed difference in chlorsulfuron efficacy between 


these leaf stages as observed in the 1980 field experiment. 
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Hable Vil.ecinterception fof Chlorsulfuron by Tartary 
Buckwheat Plants, Sprayed at 20 g/ha. 


Leaf stage ug/plantt UGZG) AT V.aw aes. 
2 Ferm 0). 249) 84.9 (3.9) 
4 9. 30i4(0 634) 5626 AG2e5) 


1) Meameand standardsernomjonmgthe basisgof utenSreplicates: 


4.2.6 Discussion 

On the basis of these results it appears that the 
susceptibility of Tartary buckwheat plants to chlorsulfuron 
decreases )vasecthe leaf ssstage at the stimevof application 
advances from one to four. This decrease in susceptibility 
manifests itself in the failure of chlorsulfuron to inhibit 
the development of new leaves and of reproductive structures 
when it is applied at the later leaf stages. Only a delay in 
the development of these plant parts has been observed. It 
also appears that the effect of increasing the dosage of 
chlorsulfuron *wasi/minimal ,-and «restricted / “primarily to ean 
increase in the length of the delay in development. 

The interpretation of these morphological responses 
must take into account the stage of development of the plant 
Damteseat thé time of herbicide ‘application. 1c appears that, 
unless the development of new leaves and of reproductive 
structures is affected at an early differentiation stage, 
chlorsulfuron is unable to exert a lasting effect. However, 


chlorsulfuron is able to prevent the elongation of the main 
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stem, regardless of the development stage at the time of 
application. @ (The sestepspinvolvediin thiseinhibition process 
have not been investigated. Interaction of chlorsulfuron 
with the plant hormones must not be excluded from 
investigations into the mode of action of this herbicide. 

The observed sShriveling of the Tartary buckwheat stem 
below the cotyledonary node, decreasing in severity as the 
Beas eastages at sthe time sofeapplicationgadvanced fromacone to 
three, iS a symptom unique to this species. The nature of 
this shriveling and its subsequent effect on the growth of 
the plants have not been investigated. Even though this 
study does not supply any information regarding a possible 
interference with the translocation of assimilates to the 
roots due to a disruption of the phloem tissue in the 
shriveled stem section, such a possibility must not be 
disregarded. 

On the basis of these experiments, the chlorosis of the 
apex, and subsequently of the non-apical parts, following 
treatment with chlorsulfuron, cannot be elucidated further. 
The chlorosis-associated reduction in the net photosynthetic 
rate could contribute to the observed reduction and/or delay 
in the growth and development of the Tartary buckwheat 
plants. 

Caution must be excercised when the effect on the 
growth of ‘plants that “received a. (particular @dosage vot 
chlorsulfuron in the 10-uwl single-droplet form, is related 


to the effect on the growth of similar plants that have been 
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sprayed with a corresponding solution of chlorsulfuron, on 
the basis of the spray solution interception study. Any 
comparison must take into account such factors as (i) the 
anouncn Of *chlorsulfuront ate thee site of application~and its 
effect on absorption and translocation, (ii) the ability of 
ae plant] ‘to. metabolize’r or inactivate: the* herbicide as“it 
relates’ tovitsedistributione@in’ © the’ plant|")and *{ai1) ‘the 
distance between the site of application and the site of 
action. If we want to relate single-droplet applications, 
made in the controlled environment, to field applications, 
the influence of the different plant micro-environments also 


must™ Der caken antoeaccount. 
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4.3 Interaction with Wild Oat Herbicides 

The interaction between chlorsulfuron and wild oat 
herbicides can be evaluated in terms of the effect of the 
different wild oat herbicides on the efficacy of 
chlorsulfuron and vice versa. The former effect received 
only marginal attention in this study. It was observed that 
the control of Tartary buckwheat by chlorsulfuron was 
enhanced when a postemergence wild oat herbicide was present 
in the spray solution, especially in the 1981 experiment 
(Table X). The phytotoxic symptoms were more severe and 
fewer plants survived. No evaluation in terms of Tartary 
buckwheat biomass at the time of harvest was performed. 
Neither was it established whether the observed effect was 
due to the active ingredients of the wild oat herbicides or 
to the adjuvants present in the wild oat herbicide 
formulations. 

In both years, chlorsulfuron did not reduce _ the 
efficacy Of the wild oat herbicide difenzoquat 
(1,2-dimethyl-3,5-diphenyl-1H-pyrazolium methyl sulfate), 
even though the level of wild oat control achieved was 
different in the two years (Tables VIII and X). In 1980, the 
control of wild oats with difenzoquat was excellent. The 
addition of °10 or 40 g/ha of “chlorsulfuron in a‘tank mixture 
aid snotereduce "this. Wild "oat control in 198) was poor, and 
remained poor after adding 20 g/ha of chilorsulfuron. 
Although it | has “been “réporced  sthatsathe efficacy of 


difenzoquat is leaf-stage-dependent (36), and increases as 
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Table VIII. Control of Wild Oats in Barley with Tank 
Mixtures of Chlorsulfuron and Wild Oat 
Herbicides. 1980 Experiment - Ellerslie Site. 


Wild oats Barley 
Treatmentst Rate Culms Dry wt. Yield 
kg/ha pena a7 ma g7mes 
Sept. 9 Sept. J Sept, 9 
Weedy control 485 a 432 a S500 
Diciorop methyl O70 le iP xe: 601 e 
Difenzoquat OSES) Oe eh ve 55 tc -e 
Barban OES 150 de its) Mave 490 a-e 
Triallate (POPI) 1.40 139 de 148 be 471 a-e 
Chvorsuliuron oe “S72 a-c 391 a 408."a-c 
Ghlorsubiuron 0.04 423 (asc 502ea 356 a 
Chlors. (POPI) 0504 S| gaa 401 a 377%ab 
Chlors. (POPI) O04 462 ab 484 a 358 a 
Chicors. = DCM ORO nee CO a.G 6e 4c 537 c-e 
Chilons set) DCM 02704+02470 20\-e 16ebe 583 de 
GHLOnRS suteDit« OsO01FORE5 3 e ise 584 de 
CHUOES. Fe DiE. 020440765 je ic 598 de 
Griors. +) Barban  0.01+0.35 230 De ihensy Hele 531) b-e 
Ghlonsweatwebarban sO .044+0535 193 ac se 194 b 493 a-e 
Chibors se¢erriall, 0.0414 17420 147 de 164 be 4:55 ase 
Gnulers. + Triaid. 0.0471.40 119 de (PAO? iste 443 a-d 
SUMS 222 163 130 


+ Treatments were applied at the wild oat leaf stage 
appropriate for the wild oat herbicide. 
POPI = Postplanting-incorporated 

+ Means that are in the same column followed by the same 
letter are not Significantly different at P = 0.05 using 
Duncan's New Multiple Range Test. 
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the wild oat plants advance from the 3- to the 5-leaf stage, 
this does not account for the discrepancy in efficacies 
during these two years. In both years the majority of the 
wild oat plants were in the 4 to 5-leaf stage at the time of 
spraying. 

The=control-or wiid-oats == by flamprop=—-methy)—=-1methy1 
(+)-2-[N-(3-chloro-4-fluorophenyl)benzamido]propionate}, was 
HOtwaneected by the®eadditivon Sot @chlorsulfuron.  Flamprop 
methyie(FPM) at 0.50 kg/habvin 1980 and 0.5020re0.60 ka/ha an 
IOeibresulted’an good!’ wildvoat control, Thezaddition® ect m0 
or 40 pia in (e960 e and 20) earam/ha sine 1981 didnot 
Significantly reduce its efficacy (Tables IX and X). 

Diclofop methyl (DCM) at 0.70 kg/ha gave excellent 
control@ofe wi ldecatswin? (S80, A Theladditions off 10 ori40e@eovha 
of chlorsulfuron resulted in the survival of a few more wild 
Oat plants. However, there iS no statistical basis to 
suggest that chlorsulfuron antagonizes the action of 
dielotop methyl “(Table Vill). in 1981; both the 70.70 and the 
0.85 kg/ha rate provided excellent wild oat control. The 
addition of 20 g/ha of chlorsulfuron-did not decrease this 
level of control (Table X). In a mixture, at the recommended 
rates, chlorsulfuron and diclofop methyl appear to be fully 
compatible. A similar observation can be made for the 
mixture of chlorsulfuron with HOE 00654, the active isomer 
of diclofop methyl (Table X). 

The control of wild oats with barban 


(4-chloro-2-butynyl m-chlorocarbanilate) or a mixture of 
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Table IX. Control of Wild Oats in Wheat with Tank Mixtures 
of Chlorsulfuron and Flamprop Methyl. 
1980 Experiment - Ellerslie Site 


Wild oats Wheat 
Treatmentst Rate Culms Dry ¥wt. Yield 
kg/ha per m*t g/m’¢ g/m? t 
Sept. 2 Sept #9 Sept.9 
Weedy control 448 a 447 a 228 a 
Chlorsulfiuron O04 449 a 536 4 194 a 
Chlrersubiuron 0.04 S52ea 455 a 13484 
Flamprop methyl O56 ei as Py) he 478 od 
Ghicrsulin, + PPM O201+0250 Zo 3D 227 2b 450 be 
Ghiorsuls. + FPM 0.04+0.450 hoe, ds) 26 =D 316 be 
ESDmOrcs 102 101 70 


+ Applications were made when the wild oat plants had three 
leaves. 

+ Means that are in the same column followed by the same 
letter are not significantly different at P = 0.05 using 
Duncan's New Multiple Range Test. 


barban and flamprop methyl was poor during both years 
(Tables VIII and ’%). Although the Vaddition of 10 or 40 g/ha 
of chlorsulfuron to the barban treatment caused an increase 
in the number of Surviving wild “oat “plants in 19807 5 ethe 
difference was not Significant. No such increase was 
observed in 1981. 

The efficacy of barban is greatly dependent upon the 
leafestagesom the wildicats at Chhe ertimes sor Fapplicatuen. 
Under normal growing conditions, the optimum leaf stage of 


wild oats for control by barban is the 1 to 3-leaf stage. 
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Table X. Control of Wild Oats in Wheat with Tank 
Mixtures of Chlorsulfuron and Wild Oat 
Herbicides. 1981 Experiment - Ellerslie Site. 


Wild oats Wheat 
Treatmentst Rate Dry Wee Yield 
kg/ha game g/ mez 
AUG. 26 Aug.) 26 
Weedy control 368 a 189 a 
Difenzoquat 0265 SZ e 220 ab 
Diclofop methyl 0370 8 d 2¢7  bede 
Diclofop methyl 0.85 2 d 287 bcde 
HOE 00654 0235 DA a 306 de 
Flamprop methyl 0.50 49 d 2953 cde 
Flamprop methyl 0.60 i2 d S24 € 
Barban + FPM 0. 15+0825 KS Cc 2a 5 Abed 
Barban 0335 285 2b 225 ‘abe 
Dies PsChlorsuléuron 0785+0502 15a Cc 257° abcde 
DEM, +oGhilorsulsuron Om G20 R02 6 a 266 bcde 
DCM + "Chlorsulfuron OF65 70.02 5 d 288 bcde 
HOE 00654 + Chlorsulf. Ovo5+0. 02 2s dq 288 bcde 
FPM + Chlorsulfuron QO 50+0 702 DS) a 258 bcde 
FPM + Chlorsulfuron 056040502 42 a 249 abcd 
Barbet EPM*tChlorsulty \0e15+0e2570502 154 (a 2741 ee bcde 
Banbanes Chlorsulet. 60.35 ot Oe Oe 23 9R8be 254 bcde 
GSD 0205 80 BY 


+ Treatments were applied at the wild oat leaf stage 
appropriate for the wild oat herbicide. 

+ Means that are in the same column followed by the same 
letter are not Signiticantly dititeren: at P= 0..05susing 
Duncan's New Multiple Range Test. 
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Under dry growingtcondipionspescne™ WSR hto Set 5=leatetsctage 
becomes the optimum, while under wet growing conditions the 
opErMuUlm: Setound=-ar=cnemisortowe. > beat=stager or = theyewiid 
Sats) (35) 98 The poor witldeoat control by barban obtained In 
this study cannot be attributed to the time of application; 
in both years all barban treatments were applied at the 2 to 
Zee leal Stage. 

Ther combination scte chlorsulturom Uwith etrrallare. a 
preemergence, soil-incorporated wild oat herbicide, was 
tested in the 1980 experiment (Table VIII). Chlorsulfuron 
drd@i not intivence “the “etfiicacys: “of “triallate,. Because 
chlorsulfuron showed more promise aS a postemergence 
herbicide than aS a preemergence one (Table II), the 
combination with triallate was not repeated in 1981. 

The results of the field experiments were reinforced by 
the data obtained in a greenhouse experiment (Table XI). 
Although the levels of wild oat control, expressed in terms 
of the dry weight of wild oats 40 days after treatment, 
varied between the four postemergence wild oat herbicides 
tested, none of them was significantly influenced by the 
addvouoneort 20,840, orss0 o7iavrot -chlorsulturons <ln theecase 
of difenzoquat and flamprop methyl, the growth of the wild 
oat plants was inhibited following the herbicide 
applications. At the time of harvest these wild oat plants 
weres chlorotic! and Jacked tillers. Chlorosis Swasm omore 
extensive in those plants that had not received any 


chlorsulfuron than in those that had. In the case of barban 
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Table XI. Effect of Chlorsulfuron on Wild Oat Herbicide 
EEiicacy. 
Greenhouse Experiment. 


Dry weight wild oats, g/pot 


Wild oat Chlorsulfuron, g/ha 
herbicidest Rate@g@e “s92 m@cnauve~ aoe scGe "Ee asceey 

kg/ha 0 20 40 80 
Barban 0 BZ 467 Sia 549 
Difenzoquat OAR = i) toy 158 158 ie 
Diclofop methyl ara 504 498 616 649 
Flamprop methyl O50 134 13 120 ee 
Benzoylprop ethyl 1.40 132 360 319 300 
LSD a, Us 177 


+ Applications were made at the leaf stage appropriate for 
the wild oat herbicide. 
Wild oat herbicides were applied as tank mixtures with 
echlorsulfurons 


and diclofop methyl, growth of the wild oat plants was 
initially inhibited following the herbicide treatments. This 
initial inhibition was overcome after 7 to 10 days and 
tillering began at this time. At the time of harvest the 
plants were only slightly chlorotic. Diclofop methyl-treated 
plants that had received chlorsulfuron were greener than 
those that had not received any chlorsulfuron. 

Diclofop methyl did not perform as well in the 
greenhouse experiment as it did in the field experiments. 
Dortenzio et al. (24) reported that the efficacy of diclofop 


methyl can be influenced by the soil moisture conditions at 
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the trmerofrapplicatrons’ Low moisture conditions, 2 to 3% 
above Paul itingmipommt amaerecultcdeein Maqnl> pate moUy Sloss of 
herbicide activ itys Hnghesoml emorsture siconditions, a667%auce 
field capacity or more GOrie2 toOe,4 days*efollowing 
application, were needed to achieve maximum epriucacy.. 
However, these observations do not account for the lower 
diclofop methyl efficacy obtained in the greenhouse 
experiment, Since soil moisture in the pots was maintained 
aeeGletesG07% cfmineldsecapacity. 

Both the field experiments and the greenhouse 
experiment indicate that the influence of chlorsulfuron on 
the efficacy of postemergence wild oat herbicides is 
minimal. No significant differences in terms of wild oat 
biomass at the time of harvest could be observed. 
Chlorsulfuron seemed to reduce the chlorosis induced by 


difenzoquat, flamprop methyl, and diclofop methyl. 
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4.4 Tolerance of Cereals 

Foliar applications or chiorsulfuron, ranging from 5 to 
80 g/ha, some with and some without adjuvant, did not cause 
any Significant injury to either whéat or barley, “as 
evaluated in the different field experiments. 

In the greenhouse experiment, designed to evaluate the 
effect of nermadeand* high rates of chlorsulfturon on wheat, 
Darley, and ~Oatse =a) larde “amount of ~ variability was 
encountered. In spite of this, and although the statistical 
analysis did not take into account the change in competition 
due to removal of one plant from each pot at the different 
harvest times, some general trends could be observed. 

In this experiment, chlorsulfuron (20 to 320 g/ha), 
applied at the 3-leaf stage, did not inhibit the development 
obi new leaves Or the formation Of St rilers. | Add 
chlorsulfuron-treated plants attained full maturity at the 
same time as the control plants, and all produced viable 
seeds. In general, no obvious, visual deformities of any of 
the plant parts were observed. Although the barley plants 
Were slightdiy echionotic  lomea gealOw 9-day period sre llowing 
the application, no such symptom was observed in either oat 
or wheat. In barley, the highest rate of chlorsulfuron, 320 
G/ihapesdid ecause s.some wuinkling,ob the bladevot the foursh 
leaf. Presumably this is due to mechanical hindrance 
encountered during the emergence of this particular leaf. 

Figure 8 demonstrates the effect of chlorsulfuron on 
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Figure 8. Influence of Increasing Rates of Chlorsulfuron 


on the Shoot Dry Weight of OatePlants: t3;, 31:1) 11.7; 
and 24 Days after Treatment. 

Chlorsulfuron rates are plotted on logarithmic 
scale. LSD bar represents value at P = 0.05. 
N.S. indicates the F-value was not significant 
ate Bi =; Q).,05. 


treatment. Significant differences can be observed at 17 
Gays after treatment. A Similar trend can be discerned in 
Figures 9, and. 10, | representing, the influencel‘on the) dry 
weight of wheat and barley, respectively. In the case of 


barley, the differences become significant only at 24 days 
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Figure 9. Influence of Increasing Rates of Chlorsulfuron 
on the Shoot Dry Weight of Wheat Plants 3, 11, 
17, and 24 Days after Treatment. 
Chlorsulfuron rates are plotted on logarithmic 
scale. LSD bars represent values at P = 0.05. 
N.S. indicates the F-value was not significant 
at B= 0.05. 


after» treatment, while. ime-the, case of wheat significant 
differences can be observed already 11 days after treatment. 
Ln, .allsinstances the uneduction,-<1n f.dny, weigh scaisebe 
attributed to a reduction in plant height, which was mainly 


due town inhibitionsof elongation of the bintesnode. shegures 
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Figure 10. Influence of Increasing Rates of Chlorsulfuron 
on the Shoot Dry Weight of Barley Plants 2, 9, 
16, and 24 Days after Treatment. 
Chlorsulfuron rates are plotted on logarithmic 
scale. LSD bar represents value at P = 0.05. 
N.S. indicates the F-value was not significant 
ateh v=. 05, 


jiand 72 illustrate this symptom. 

On the basis of this greenhouse experiment it can be 
concluded that low rates of chlorsulfuron (20 and 40 g/ha) 
have no visible effect on the growth of wheat (cv Neepawa) 


or oats (cv Cascade). In the case of barley (cv Galt), a 
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reduction in dry weight of the plants was observed at these 
low rates. Even though higher rates did reduce the dry 
weight of the wheat, barley, and oat plants, no delay in 
maturity was observed. The field experiments confirmed the 
observations for wheat, but not for barley. No injury to the 
barley crop was observed in any of the field experiments. 
Because none of the field experiments with chlorsulfuron 
included a weed-free treatment, no data regarding the effect 
of chlorsulfuron on the grain yield of wheat and barley can 


be submitted. 
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Figure 11. Effect of Chlorsulfuron (160 g/ha) on Barley, 26 
Days after Treatment. 


Figure 12. Effect of Chlorsulfuron (160 g/ha) on Barley, 37 
Days after Treatment. 
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4.5 Carryover in Soil 


4.5.1 Effect on Rapeseed Crop 

When, in the spring of 1980) chlorsulfuron was susedurto 
control Tartary buckwheat in barley, the amounts’ that 
remained in the soil were sufficient to affect the growth of 
wapeseed in 1981. The chlorsulfuron ‘present in the tse!) 
affected both the emergence and the growth of rapeseed. 
Emergence on the plots that had received 40 and 80 g/ha in 
hasUuwaseiS “tO 25% less than on icontrol plots. On tne ip cts 
that had received 80 g/ha in 1980, 30 to 50% of the rapeseed 
plants died soon after emergence. 

The growth of rapeseed on plots that had received 
ehlorsulfuron—-rn-.1980 waséslowjuresulting ink a 10° "to? 30% 
shorter stand and a slight delay in maturity. The dry weight 
data indicate there was no significant effect on the biomass 
of rapeseed at the 10 and 20 g/ha rates of chlorsulfuron, 
regardless of the method or the time of application (Table 
XII). The 40 g/ha rate significantly reduced the biomass of 
rapeseed in the POPI treatment, while no Significant effect 
was observed in the other treatments. Presumably this was 
duemtouwannigher concentrationsot chlorsulivrongin thes escil- 
This could have been caused by the absence of a crop canopy 
at the time of application;sand by’ aereduced rate sof olossiby 
means of photodegradation, due to incorporation into the 
soil. However, the chlorsulfuron concentration in the soil, 


determined by means of the corn root bioassay (section 
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Table XII. Effect of One-Year Chlorsulfuron Carryover on 
the Biomass of Rapeseed. 
Ellerslie Site. 


Rapeseed - 1981 
TreatmentstT Rate Spray Score Dry wt. 
g/ha date g/m? 
1980 July 3 Aug sa 
Control 9 3530arc 
Chlorsulfuron Pre.E 10 June 12 8 383 ab 
Chlorsulfuron Pre.E. 20 June 12 8 306 (5-6 
Chlorsulfuron Pre.E. 40 June 12 7 389 ab 
Chlorsulfuron Pre.E 80 June 12 = PREG | Fg eh 
Chlorsulfuron POPI 10 June 12 8 380 ab 
Chlorsulfuron POPI 20 June 12 8 Se a eas 
Chlorsulfuron POPI 40 June 12 6 PAGS is hs 
Chlorsulfuron POPI 80 June 12 5 187 E 
Chlorsulfuron 1°LS 10 June 20 9 352 a-c 
Chlorsulfuron 1 LS 20 June 20 8 365. a-—b 
Chlorsulfuron 1° BLS £0 June 20 6 Ssita—a 
Chlorsulfuron 1-5 80 June 20 4 2420-5 
Chlorsulfuron 2-3 LS 10 July 3 8 432 a 
ChioesuLiuron 2=30LS 20 July 3 7 2025 0-5 
Chlorsulfuron 2-3 LS 40 July 3 5 29 DT 
Chlorsulfuron 2-3 LS 80 July 3 2 44g 
Chlorsulfuron 4-6 LS 10 July 7 8 330 a70 
Chlorsulfuron 4-6 LS 20 July 7 8 336 a-ad 
Chlorsulfuron 4-6 LS 40 July 7 6 254 CSft 
Chlorsulfuron 4-6 LS 80 July 7 & 207 ef 
E50 0.65 93 


+ Leaf stage refers to the number of true leaves of Tartary 
buckwheat at treatment time. 
Pre.E. = Preemergence 
POPI = Postplanting-incorporated 

+ Means that are in the same column followed by the same 
letter are not significantly different at P = 0.05 using 
Duncan's New Multiple Range Test. 
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4.5.2), does not support this hypothesis. 

Chlorsulfuron, applied at a rate of 80 g/ha, 
Significantly reduced the biomass of rapeseed in all 
instances. This reduction was greatest following application 
at the 2 to 3-leaf stage. The application of -chlorsulfuron 
at this leaf stage of the Barntary buckwheat sin 1980 ewas 
Followed by a 22.8 mm rainfall within 24 hours “(Appendix, 
Table Al). The hypothesis “is that the rainwater has carried 
theschlorsulfuron intowthetsoil, thus reducing the potential 
loss due to photodegradation. The soil of these plots was 
not analyzed by means of the corn root bioassay. 

The effect on the growth of rapeseed of both a one-year 
andwa two-year carryover of «chlorsulfuron <is| yreported. in. 
Tables :XlLI1. etn 1980, the  onesyear carryover caused a 
thinning of the rapeseed stand and a delay in emergence and 
in attaining maturity. The observed thinning, ranging from 
approximately 30 to 65%, increased with increasing rates of 
chlorsulfuron. This iS not adequately reflected in the 
rapeseed dry weight data. In 1981, neither the one-year nor 
the two-year carryover resulted in a significant reduction 
of the rapeseed biomass. Only the 25 g/ha application in 
1980 caused some stand thinning and a slight delay in 
attaimingimaturity of the napeseed( ing) 396i). 

These field experiments indicate that applications of 
Upmton20sorn25-o/hacofichilorsulfuroneingthemaspumng@mcr wonc 
year, had no effect on the growth of rapeseed in the 


following year. Higher rates, up to 150 g/ha, ¢didsécauser<a 
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Table XIII. Effect of One- and Two-Year Chlorsulfuron 
Carryover on the Biomass of Rapeseed. 
St;.Albert Site: 


1980-rape 1981—rape 
Treatment Rate Date Aug. 19 gudivees 
7 Tic) ee 
ImMjury sry Wee jury. Dry we 
score g/m?£ score q/m-?s 
Weedy control . 405 a 8 288 
Chlorsulfuron 50° June 29>. 79 6 Poti W = Ve) 8 314 
Chlorsulfuron 100 June 29,'79 6 224 »b Ss S57 
Ghiorsumiuron 150) Junee2o, 7g S 181-5 G 336 
Chlorswilrtunon Deity 2 a6 6 8 306 
Chiorsulfuron Jo a TEL ciel Spy 0) 8 433 
Chlorsulfuron 25 wULy 125860 ui Sil 
ESD Ue 05 35 foe 


+ Means that are in the same column followed by the same 
letter are not significantly different at P = 0.05 using 
Duncan's New Multiple Range Test. 


Significant, adverse effect one year after application, but 
they did Snot influence the “growth vot (rapeseed itwesveaus 


after application. 


4.5.2 Corn Root Bioassay 

The amount of chlorsulfuron in the soil of some of the 
plots at the Ellerslie site was determined by means of the 
corn root bioassay. The relationship between the maximum 
length of the corn root at the time of harvest and the 
chlorsulfuron concentration is presented in Figure 13. The 


Sensitivity of this bioassay was between 0 and 6 ppb 
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13. Corn Root Bioassay Standard Curve. 
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LSD value on the basis of factorial analysis. 
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chlorsulfuron in the soil. In order to remain within this 
sensitive range, the soil samples of those plots that had 
received’ 40 sore (809 g/ha of chlorsulfuron, were mixed with 
WiepseatedSsopbttotobtaimm azdtlugvon irate oft: ism ancemincs 
respectively. 

the permecofechlorsubsurcon gapplicationeinethesspring ehad 
no influence on the concentration of chlorsulfuron in the 
soil in the fall, regardless of the dosage applied (Figure 
(4). At “all sfoursdratesertested | ithere wastno®signifttcant 
difference between the POPI treatment and the applications 
atest hiOet|—Veatmistagemtor tat them 4entos6eleat istages eine 
chlorsulfuron concentration in the samples of the plots that 
had received either 10 or 20 g/ha of chlorsulfuron, were not 
Significantly different from each other. The 40 and 80 g/ha 
rates did result in chlorsulfuron concentrations that were 
grgniiicantly different lfiromreachyother  and@ from® the ettwe 


lower rates. 


4.5.3 Discussion 

The results of the bioassay must be interpreted 
Cautiously (27). The chlorsulturon concentrations obcained 
by means of this procedure are an indication of the quantity 
of phytotoxic residue (carryover) in the soil (Appendix, 
TablesA2). Ae SignifiGant “amount jor ~herbicrde Foouldgebe 
adsorbed to the soil, and consequently unavailable to the 
roots of the corn seedling (85). If this is assumed to be 


the case, the assay has two related problems. (i) Since the 
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Standard curve was determined by mixing a _ solution of 
chlorisudet urony witshd ) groundses®enrsdried,-» controll lisoill faust 
pe Lor AS) planting the pre-germinated corn seed, an 
equilibrium between the plant-available and the adsorbed 
chlorsulfuron might not have been reached within the 9-day 
growing period required by this assay. Consequently, when 
this standard curve was used to convert the root growth 
Gata, obtained by assaying sample soil in which the 
equilibrium has had several months to become established, 
into concentrations of plant-available ehilorsuliuron, 
incorrect values might have been obtained. (ii) Mixing 
control soil with sample soil to adjust the concentration of 
plant-available chlorsulfuron to be within the sensitive 
range of this bioassay, might have had an effect beyond the 
desired dilution. If the equilibrium between the adsorbed 
and=|thes plant-availablesachiorsulfuron @did not become 
established rapidilyen thea finalgsesults em baseccde@one the 
multaplacataon ofethes chlorsulfuron concentration an sche 


mixture bye thesGalutions factor; scouddgbe erroneous. 
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4.6 Effect of Chlorsulfuron and Hydroxyurea on the Root 

Growth of Corn Seedlings 

When corn seedlings were grown in a 2 ppb chlorsulfuron 
solution, the root growth rate, expressed as mm/12 hr, was 
Significantly reduced compared to the control root growth 
rate, beginning at 36 hr after the start of the experiment 
(Figures 15 and on he An increase in chlorsulfuron 
CONCeNirati On sromrz te bepppb had no “signaiiacant “elfecc 
Veigure= 15 and 17/2 elnea, 10 ppb chlorsultiuron solution, the 
reduction in root growth rate compared to the control became 
Significant at 24 instead of at 36 hr (Figures 15 and 18). 

The addition £ot “10s 2 = M shydroxyurea | bo ssthe = 2 opp 
chlorsulfuron solution significantly decreased the growth of 
thecornm roots, beginning at. 24 he (eiqures 16). Adding: =10-— 
M hydroxyurea to the 5 and 10 ppb chlorsulfuron solutions 
had novsvonificanteefiect son the rootmgqrowlh race » Of Corn 
Secaiings (Figures 17° ands 918)Lem The wettect of 407 9M 
hydroxyurea solution on corn root growth in the absence of 
entorsulfturon is shown in iFigune *|'>, 

On the basis of what is known about the mode of action 
Of hydroxyurea, in terms of its specificity and the speed 
With which it acts (Section 224.3), 10 can be assumed) "shat 
bie ““Treductiom = If "tne Growl sate of COml LOOrs ern I= aan 
hydroxyurea solution is mainly due to an inhibition of cell 
division. The observed growth, i.e., increase in root 
length, must be attributed primarily to the elongation of 
existing cells. The failure of 2, 5, or 10 ppb chlorsulfuron 


to reduce this root growth rate of corn seedlings any 
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TREATMENT TIME, hr 


Figure 15. Influence of Hydroxyurea on the Root Growth Rate 
of Corn Seedlings. 
( ) OEME Ce -Soe 106eeMe 


further, suggests that chlorsulfuron does not inhibit cell 
elongation. In a Similar experiment, Hoppe (52) observed 
that) thesa@ddition of dicloftop: methyl Saveherbicide Mknownt 15 
favetfan tinhibitoryevaction ons’ celd elongation, Stead? -nM 
hyoroxyurea, did’ reduceyothe “TrootuPqrowEhyeratean ore! Corn 


seedlings beyond the reduction due to the hydroxyurea. 
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Figure 16. Influence of 2 ppb Chlorsulfuron, with (----) or 
without ( ) 10°? M Hydroxyurea, on the Root 


Growth Rate of Corn Seedlings. 


The =“farlure “ot -°10-“'M hycroxyurea “to reduce the -roct 
growth rate of corn seedlings beyond the reduction induced 
by co and "10 “ppb = *chlorsulturon,) sppéears | tO bes iuLrthen 
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Figure 17. Influence of 5 ppb Chlorsulfuron, with (----) or 
without ( ) 10- 4 OM hydroxyurea, on -thesRoot 


Growth Rate of Corn Seedlings. 


chlorsulfuron concentration upon the magnitude of its 
mMiubpitory action. The “basis “of “the “corm, root bicassay 
provides evidence for this also. 

The influence of chlorsulfuren,, with Scr without 
hydroxyurea, on the shoot growth of the corn seedlings was 


not quantified. Visual observations indicated only minimal 
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Influence, of 10eppoiChlorsudfuron, 
or without ( 
Root Growth Rate of Corn Seedlings. 


inhibition of shoot growth. 
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4.7 Absorption, Translocation, and Metabolism of 
Chlorsulfuron by Tartary Buckwheat 


4.7.1 Absorption and Translocation of ‘‘C-Chlorsulfuron 

When Tartary buckwheat plants were harvested 120 hr 
abtena@a Gsinglesdroptes application of 1577 Bq of 
SC-chiorsulfuron, most of the **C-activitytwas: recovered 
from the treated leaf (Table XIV). Of the total amount 
applied, 42% was recovered in the leaf wipes, and 37% from 
the tissue of the treated leaf. Approximately 1% was 
recovered from the stem section above the cotyledonary node 
and from the third leaf. The remaining parts each contained 
less than 1% of the applied amount. The total amount of 
P“Csactivity recoveredsi20°hr afterttreatment wastgeis6% “of 
the applied activity. 

When a known amount of ‘*C-chlorsulfuron was added to 
non-treated, freeze-dried Tartary buckwheat plant material 
aimthe start ofsthelaxt raceion "procedures “them itC-activiey 
MyeGtheisidnal “extrachriwast8425 se2neamisy) of ebhegappiued 
activity (Appendix, Table A3). Losses due to the transfer of 
extracts during the procedure accounted for 1.4%, while only 
0.1% remained in the plant tissue residue or in the filter 
paper@u Thee itotal samountmolme*C-activityeaccounted forgwas 
G6e0 ty2s7halsy) obethe applvedvactiv uty. 

The low recoveries encountered in these 
'4C-chlorsulfuron experiments are difficult to explain. Even 
though one of the products in the ~metabolism of 
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Table XIV. ‘'‘*C-Activity Recovered from Tartary Buckwheat 
Plants 120 hr after Treatment. 


No. Plant! pare: Recovered DPM 
% Of appliedT 
1. Roots OF 22s COR ES) 
2. Stem below cotyledonary node On2enc07T Ge) 
3. Cotyledonary node One COZ) 
4. Cotyledons OYieeco 09) 
5. Stem above cotyledonary node Oops a eet), 
6.\First« true leat On2n) GOF05) 
7. Treated leaf (excl. droplet site and 
leaf wipes) t5e98° (3.04) 
8. Droplet site 20, Sere) 
9. First leaf wipe LO 3 oe ae B33) 
. Second leaf wipe ore Oe) 
it, Third leat iO 2) 5223) 
Fourth leaf 0.4 (0.04) 
Total recovered B6 


tT Mean and the standard error of the mean. 

timeeplicate- Imof@oarts dech6,011,4and t2awashextracted: 
replicates 2, 3, and 4 were oxidized. All replicates of 
parts 7 and 8 were extracted. 


Eingepewhich pcontains gbhes |) éColabeibledagcanbonm gnas@ebeen 
metabolized to ‘'*CO, during these experiments. The CO, that 
is produced in the initialessteps poofesechiorsultunon 
metabolism, presumably derives from the carbonyl group of 
thes molecule. (Rigure pliet 631) o—p*Therbowevapon pressuneios 
@hloraul Eurons.4.6ux 7101" gmmieHg ate25 CC, @adoes Mucor esuppore 
Ghiesrhypothesis “ethat oy ¥aCzacuiy bly WhhaSpabeen@elost sducece 
volatilization. Pipetting errors and errors in liquid 
scintillation counting must also be disclaimed. Losses due 
to adsorption of chlorsulfuron to the surface of glass, 


porcelain, or stainless steel have been found to _ be 
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inevanihicant (31)% 

Tf the roots of the Tartary buckwheat plants would 
exude chlorsulfuron, some ~'*C-activity “could possibly be 
recovered from the cups containing the vermiculite or the 
MULT Lent = solution. No *!G-activity was found inethe vatter- 
while the vermiculite in the former was not analyzed. Since 
Eranslocationsort chlorsulfuron was) found tobe minimal, rodct 
exudation, of chlorsubturon also .is not “expected “to™ ber va 
major source of loss. 

Ath, 24,7 20, eand 240rhrtaiterm treatment the Gtotal 
amounts of ‘'‘*C-activity, expressed as percentages of the 
applied quantity, recovered from the treated leaves'', were 
Similar (Figure 19). At each of the four harvest times, 
approximately 79% of the applied activity was recovered from 
thestreated beat. (During thisytime: period, J tovi20hre the 
chlorsulfuron was absorbed by the leaf tissue and 
translocated away from the site of application, as indicated 
by che stqnificant increaserin the amount cof ~“C-activary in 
the treated leaf, excluding the droplet application site and 
the leaf wipes. The increase in the recovery of '*C-activity 
from the tissue of the treated leaf (treated leaf including 
droplet site butYexcluding Wleéat wipes)| can be attributed to 
ebsorpLioneot..’*C=chlorstlruron by new leet Bt Scoue ew iiuess 
the concurrent decline in the amount recovered from the 


first leaf wipe. The amount recovered trom the seseconud =leat 


‘1 The treated leaf includes the droplet application site 
and the two leaf wipes. 
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SECOND 
LEAF WIPE 


FIRST 
= LEAF WIPE 
@ 
ms 
Qa. 
a 
6 
a 
° 
7 
2 DROPLET 
a SITE 
a 
[=> 
a 
& LSD 0.05 
[e) 
B TREATED LEAF 
B EXCL DROPLET SITE 


AND LEAF WIPES 


TOTAL RECOVERED 
FROM THE TREATED LEAF 


HOURS AFTER TREATMENT 


'4C-Activity Recovered from the Treated Leaf of 
Tartary Buckwheat Plants at Seven Different 
Times atter. the Application of. C-Chlorsul-= 
furon. 

N.S. indicates F-value was not significant at P 
=. 050 os 
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wipe was not dependent upon the time after treatment. 
Because the performance of the extraction procedure was 
monitored routinely, it was observed that the extractant was 
notyechble to, ,extract jallvthesutCsactivity yiromethessamphes. 
Largé «quantities of § '*€=activity were detected ‘when the 
Briter paper » dises,.-together, with» the. -cetained »plant 
residue, were oxidized (Appendix, Table A4). When 
"4C-chlorsulfuron was added to non-treated, freeze-dried 
Tartary buckwheat tissue at the start of the extraction 
Deocedure, the samount sore’ “Cractivity setaimedeby the filites 
paper discs and the ground tissue was insignificant 
(Appendix, Table A3). Rather than being adsorbed by the 
BLLeeewrpapera, “aGechlorsult unon ;geor a ™ G-metabolite, 
appeared to be adsorbed by the plant tissue of the samples. 
The «<favlure. of. the methanol-acetone..extractant,. to 
extract all. the ‘*C-activity trom the plant tissue -can be 
seen in the light of two related factors: (i) the amount of 
time during which the tissue was exposed to the extractant, 
anda Gul) ithe edegree.of adsorption Ofsachlorsuliuron) Omjeits 
metabolite(s) to the plant tissue. Because hydrolysis of 
chlorsulfuron in protic solvents wasS anticipated, the time 
during which the tissue was exposed to the methanol-acetone 
extractant was kept to a minimum. The average extraction 
periods was 2/,to 4hemine a, Nojdatagregaudinggtherdegree of 
adsorption) can be submitted ;esince pyneithers thesgetfect got 
longer extraction periods nor the performance of different 


extractants was investigated. 
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4.7.2 Metabolism of ‘'*C-Chlorsulfuron 

When several chromatograms of non-hydrolyzed and 
partially-hydrolyzed ‘*c-chlorsulfuron were compared, the Rf 
value “of the ‘*C=chlorsulfuron molecule was observed to be 
between U8 and 0.83% The RE valtes oft) the =" =C hydrolysis 
product ranged between 0.53 and 0.61. Because the phenyl 
ring of the chlorsulfuron molecule contains “the ‘*C=label, 
this breakdown product presumably is the 2-chlorobenzene- 
sulfonamide part. This hydrolysis product was not further 
tdentitied. An attempt was made to locate the other 
hydrolysis PLOOGUCE, the 2-amino-4-methoxy-6-methyl- 
l7Ss;octritazine part, On» they chromatograms. Although this 
Structure “does “absorb. “ultraviolet = Light viewing the 
chromatograms under this light did not reveal its location. 

Table XV presents the results obtained when aliquots of 
the extracts of the treated leaf at 120 and 240 hr after 
treatment were chromatographed and the amounts of 
radioactivity in the two bands, each containing one possible 
radioactive spot, were determined. The radiochemical purity 
of the applied droplet was 95.9%. 

Even though ats appears that very Peto e 
14C-chlorsulfuron metabolism has occurred, in the light of 
the previously reported failure to extract all the 
P*C-activity from the plant tissue, these results must be 
interpreted with caution. Because it is not known if the 
non-extracted MC=actLVvicy (Appendix, Table A4) is 


C-chlorsucLfturon “Or a 14C-metabolite, no conclusive 
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Table XV. Results of Reverse Phase Thin Layer 
Chromatography of the Applied ‘'‘C-Chlorsulfuron 
Solution and of the Extracts of the Treated Leaf 
of Tartary Buckwheat Plants 120 and 240 hr after 
Treatment. 


'*C-activity recovered 
% Of amount spotted on RPTLC platet 
Description$t 9 ----=------------------------------- 


Ri Rf 
0.44-0.77 OR ied Total 
Plant-applied droplet ect Oral) Seah NES) Odea lead 5) 
120 HAT: part 7 iat a(R iaoe |g) Bist Re) 93.8 (0.4) 
part 6 Sree Ge ee MAS bees) 96.0 “Ci 0) 
200 -HAT? parte 4 + 8 3852 (03) SOAS Gas) 94,3 (0282) 


+ The amount spotted on the plate was determined by placing 
a Similar amount ian a liquid scintillation vial and 
Council tt. 
Mean and standard error on the basis of four replicates. 

£ Part 7: treated leaf excluding the droplet application 
Site and the leaf wipes. Part 8: droplet application 
site. 


statement regarding chlorsulfuron metabolism by Tartary 


buckwheat can be made. 


4.7.3 Mutilation Study 

The effect of allowing a treated leaf to be connected 
to the main stem of a Tartary buckwheat plant for different 
time periods, following a single-droplet application of 7 ug 
chlorsulfuron, has been recorded in Figure 20 in terms of 
the shoot dry weight 14 days after treatment. A 2-hr period 
was sufficient to result in a shoot dry weight significantly 


below that of control plants. The symptoms induced in _ the 
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Figure 20. Effect of Removal of the Treated Leaf of Tartary 
Buckwheat Plants at Different Time Periods 
Following a Single-Droplet Application of 
Chlorsulfuron, @2 sug/,Plant,..27beatestage-sonmatne 
Shoot Dry Weight 14 Days after Treatment. 


Tartary buckwheat plants were similar to the ones observed 
when the treated leaf was not removed after the application 
Of chlorsulfuron. Within 24 hr after treatment, chiorosis of 
the apex could be observed in all plants. The stem of the 
chliorsulfuron-treated plants did not elongate, and the 
plants were considerably slower in their development. Three 
days after treatment, the treated plants became slightly 
chlorotic. None of these symptoms was observed in the 


EGuELOL Dlanls. 


~ 
ee ee ee we we a 
a 
aa ®@ 


21G¢234T to 3n23 (lene? a02. to" tev Phat 0% antee® 
sboixe? on ’t risigbat Bae oN te ~ 7 _ 
nivotion we 


is. eolieus en 
ede a0 pale Fonct “tte Te [yer0id3 > 
tapintes i <ai8€ syed bP 4AGiow yet se0Me : 


' 


“5 4, en 
Savtends zone eit or se)lmta gis asaslq taaiviow’s yisst - 


ssisesiiqgs eds t9¢ts bevowat yoo anv Jast beseats sft 


to eieoveti: igetgews Tete tet 45 aigds iW: “unowMuerotdy 2 


‘gta Jo mege oct .saaeig ile «| beviensn od Glues reqs | 
sit 6h. ,et5evela, son B58 fenelg betesrs-ao1 tives 
eead? scone ledeb iets. #2 ies0-e ‘yidersbianes Petry md nee 
ula@elie smasac adtatq Gesne3t ong TepmaaeTd 2 its eyad 
ods. ni? Qavconde, as0 @margere anets 36 mn ao ke 


107 


4.7.4 Discussion 


When, in thes Iwohtyeot* “the tehlorsulturén-1nduced 
Symptoms, the mutilation study is related to the 
'*C-chlorsulfuron experiment, several hypotheses regarding 


the physiologicaleebehaviouc® ofseehlorsulturon) ants Tartary 
buckwheat can be advanced. PE J2t Sas®Passtmed® “that 
chlorsulfuron molecules have to be present in the main stem 
ine as'Gertainh minimum econeentration® tn “order@torvinhibie 
growth, sufficient translocation must take place within the 
2-hr period following application. Even though, on the basis 
of the technique used in this study, translocation during 
this time period was minimal, sufficient translocation 
appears to have occurred. 

Pr Sib *ass-essumed that chlorsulfuron molecules do not 
have to be present in the main stem in order to inhibit 
growth, chlorsulfuron may exert its effect through another 
agent, possibly through growth hormones. When, after a 
period? cLwBinhibitiony Sethe Wlengehwvor™=rhirsespertodsbeing 
dependent upon the leaf stage at the time of application, 
thesgrowtheof chlorsulfturon-treated®lartary. buckwheat plants 
resumed, the main stem failed to elongate. This failure 
might sbevdue to tavdirectwetfect of =chiorsuliuronson=the seem 
elongation process; *orsan indirectmefiect by means orpgrowsl 
hormones. The latter has been reported by Kefford (56) for 


chloroethyltrimethylammonium chloride (chlormequat chloride; 


GYCOCEL). 
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5. SUMMARY AND CONCLUSIONS 

Preemergence and postplanting-incorporated treatments 
OlSUpeC Ou. 80s G/ha. Ole cllovsin fironpedi da noteppLloyicenlan 
acceptable level of Tartary buckwheat control in the field. 
The efficacy of postemergence chlorsulfuron applications for 
EHeCMSCONLTOI. ofs Tauctary. buckwheat in ucereal Ucropsm was 
dependent upon the leaf stage of the Tartary buckwheat at 
Pie ReEIMe OLesplayinggand silponet iesratesotsapplicahionsetTnis 
efficacy was rather inconsistent. In some instances, rates 
aSuplowyas 10.04 20 G/yha were Sutticienct to eontrol Tartary 
buckwheat when applied at the 1- or 4 to 6-leaf stage 
respectively. At other times, rates up to 60 g/ha provided 
only limited control, regardless of the leaf stage at the 
EImesOLuapplication. 

In order to explain this inconsistency in chlorsulfuron 
efficacy the influence of temperature, relative humidity, 
soil moisture, and light intensity should be determined. 
Because these factors were not adequately monitored in the 
micro-environment of the Tartary buckwheat plants in the 
field, no satisfactory explanation for the observed 
inconsistency in chlorsulfuron efficacy can be provided. 

Recommendations regarding the use of chlorsulfuron for 
the control of Tartary buckwheat in cereal crops in 
north-central Alberta must reflect the increase in the rate 
required. to. achieve Satisfactory control “at” advanced” leaf 
Stages. The lack of uniformiry Olsasnatural anmiestariongor 


Tartary buckwheat in a farmer's field will require an 
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application rate that is based on the plants with the most 
advanced leaf stage. An understanding of the influence of 
environmental factors one cChlorsulturonteektieacyeecould 
further modify these recommendations. 

Chlorsulfuron is an effective herbicide for the control 
of hempnettle and cleavers, both in cereal crops and on 
fallow. Rates as low as 5 g/ha gave excellent control of 
hempnettleeplants that hadveightetsue leaves at the time fort 
application, while a minimum of 30 g/ha effectively 
controlled cleavers that had two whorls of leaves at the 
MIiMesOntapplicabion= 

Controlled environment studies revealed that the 
Susceptibility of Tartary buckwheat plants to chlorsulfuron 
decreased as the leaf stage at the time of application 
advanced from one to four, regardless of the chlorsulfuron 
dosage. This degree of susceptibility was reflected in the 
fength Not withes@séperiody Picllowirng chilorsuliuron=app!l ication 
during which growth was inhibited, ranging from 10 or more 
days reiortapplicattions sat !rhee)leatmstage stow) =. 2 daySe lon 
applications. ati’ethe 84-leat Sstage.. Although == plants = that 
resumed growth after the inhibition period developed normal 
leaves and flowers, the main stem failed to elongate. At the 
i-, 2-, and 3-leaf stage, chlorsulfuron caused a shriveling 
of the main stem of the Tartary buckwheat plants below the 
cotyledonary node. 

In controlled environment experiments a significant 


effect of “the adjuvant Cittowet Plus on the efficacy “of 
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chlorsulfuron on Tartary buckwheat was demonstrated in terms 
OfP ene shoot "dry@weigne WSeedays SCabter Seréatment. © In! the 
P1eld, -*chlorsuliuron-induced Ssymptomcul were=morelsevere: in 
the presence of Cittowet Plus in™théyspray solution than’ in 
MES "absence, “However; no’ significant! teffect*in terme sot 
Shoot ary weight at harvest’ time, 59 “or 72 “days after 
treatment, was observed. Because chlorsulfuron causes only a 
temporary growth inhibition of Tartary buckwheat plants, the 
difference in chlorsulfuron-induced symptoms or shoot dry 
WetQGhe reductions Min® Chest first few weeks following 
application due to the adjuvant, diminishes as the plants 
get older. Hence the failure of Cittowet Plus to reduce the 
shoot dry weight of Tartary buckwheat plants in the field at 
harvest time significantly. 

Poeethes "field, @echlorsutitrontateup to 40eq7haedid not 
Significantly reduce the efficacy of the postemergence wild 
oat herbicides dielorop methyl, flamprop methyl, 
difenzoquat, and barban when applied as a tank mix. In _ the 
controlled environment, chlorsulfuron rates as high as 80 
g/ha in tank mixes also had no significant adverse effect on 
Pheswertticacys of Sthese®®vilid oat herbwerdes. oNonesotevthese 
postemergence wild oat herbicides had a significant effect 
on  —chlorstilfuron efficacy .* Thése = resultsercuggest® thatia 
Single application cfitavtank™mix obechlorsulfuron i with one 
Of “the four wila@ oat herbicides, an order to control®both 
chlorsulfuron-susceptible broadleaved weeds and wild oats in 


cereal crops, can be used without a reduction in either 
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broadleaved weed or wild oat control, compared to the 
results of two separate applications of these herbicides. 

Foliage applications of chlorsulfuron at up to 80 g/ha 
did (nok, causesany significant sinjury, to= wheat or barley 
under gitield. conditionsas Inmrethe “controbled™ environment. 
Chlorsuliuron pupetes40ucg/ha hadi non visible Bepfect shonwuthe 
growth of wheat or oats. Barley plants suffered a reduction 
rr dnyewerghies«Althoughisihighen grates, up to 360 “g/ha, 
reduced the dry weight of all species, mainly due to 
reductions in internode length, no delay in maturity was 
ebséerved. At rates required! fone acceptable srcontrokpset 
Tartary buckwheat, hempnettle, and cleavers, postemergence 
applications of chlorsulfuron did not injure wheat, barley, 
and oats. 

Chilorsubfuron «tapplivcations ofpeupietOercoed/harimemthe 
Spring of one year had no siaqnificant effect on the growth 
of rapeseed in the following year. Higher rates caused a 
Significant reduction in rapeseed biomass, due to a thinning 
of the stand, and a delay in attaining maturity. A two-year 
interval between the time of a 50 to 1500q/ha ‘chlorsulfuron 
application and the seeding of rapeseed proved to be 
sufficient for the chlorsulfuron residues to dissipate below 
a -level atinhibitory <ta the “growth \rol! irapeseedaePending 
further research regarding the factors influencing 
chlorsulfuron degradation in the soil, the use of 


chlorsulfuron is not recommended if rapeseed is to be grown 


the following year. 
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The corn root bioassay proved to be a useful method for 
determining the chlorsulfuron concentration in soil. This 
assay waS able to detect between 0 and 6 ppb. Although the 
maximum chlorsulfuron concentration in the soil that did not 
Significantly “affect Sthe* “growth "of rapeseed’ could not™be 
deduced irom*®this study; @it appears =thate1s ppb in@the sony 
inthe tall?) as °sutficivent toMeausetatsigqnificant inhibition 
of rapeseed growth the following year. 

The root growth rate of corn seedlings was 
Signiirvecantly reduced by 294° 5,08dand- 10 *opb Scentorsulturen 
solutions. On the basis of the interaction of these 
enbersuliuron™’concentratwonsrwrth "i0eteMehydroxyurea, 1b 15 
postulated that inhibi Giron of “cell “division aS 7the 
predominant efilect of chlorsulfuron in corn roots, 

The translocation of chlorsulfuron in Tartary buckwheat 
bouminimal., At. i, 247 7120, “and=240 hr atter a single-droplet 
application “of ‘*C-chlorsulfuron, approximately 79% of the 
applied activity was recovered from the treated leaf. The 
remaining plant parts contained 2.6%. The total recovery was 
81.6% of the applied activity. No explanation for this low 
recovery can be provided. 

Chlorsulftiron is not ‘rapidly “absorbed “by the lear 
Eresiem ote Tartary DUckKWwheat. Ata IZ0ehrral Fer ercarment ass 
Ofethewapplied ‘*C-activily was erecovercd Erom the tissue so: 
the treated leaf; 42% was recovered in the leaf wipes. 

Chromatographic analysis of the plant extracts revealed 


that very limited metabolism of the '*C-chlorsulfuron had 
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occurred 120 and 240 hr after treatment. Because the 
extractant failed to extract all ther ‘*C-activity from the 
plant tissue, no definitive statement regarding the rate of 
chlorsulfuron metabolism can be made. 

A leaf of a Tartary buckwheat plant, treated with a 
single droplet of chlorsulfuron solution, had to remain 
connected to the untreated remainder of the plant for only 2 
hours in order to induce typical chlorsulfuron symptoms in 
that plant. It is suggested that either the limited amount 
of chlorsulfuron thatersstranslocatedtin thesn2chour period 
is sufficient to induce these symptoms, or chlorsulfuron 


acts through another, readily translocated agent. 
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Figure Al. Effecteof,Increasings,Dosages.,0f.sChlorsusturon, 


in Single-Droplet Application at Four Different 
Leaf Stages, on the Shoot Dry Weight of Tartary 
Buckwheat Plants, Harvested 14 Days after 
Treatment. 

Chlorsulfuron dosages are plotted on logarithmic 
scale. 

LSD value is between dosages of chlorsulfuron at 
the same leaf stage. 


iZo 


LSD 0.05 


ROOT DRY WEIGHT, mg/plant 


CHLORSULFURON, ug/plant 


Figure A2. Effect of Increasing Dosages of Chlorsulfuron, 
in Single-Droplet Application at Four Different 
Leaf Stages, on the Root Dry Weight of Tartary 
Buckwheat Plants, Harvested 14 Days after 
Treatment. 
Chlorsulfuron dosages are plotted on logarithmic 
scale. 
LSD value is between dosages of chlorsulfuron at 
the same leaf stage. 
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Table Al. Weather Data of the Ellerslie Site at the Time 
of Chlorsulfuron Application. 
Tartary Buckwheat Contro. 


1980 and 
Experiment. 


June | 2, 1961 2080) 
Wine ws. 2, 


Sune) So, 816-1 2030 
June 16, 1981 


1981 


5 


Weather datat 


Max. 


Cevio. 
° 


C 


20. 
25% 


A186 
2a. 


25 
24, 


Zils 
24. 


a 
20 


mile 
2 


Total RH Total 
rainfall sunshine 
mm % hrs 
C2 84 
= 67 
= 52 
2258 63 
- 65 
- 60 
= 68 14.4 
HOG 94 8.0 
Ge2 57 1s 
Gas! Td SiS 


+ Leaf stage refers to the number of true leaves of the 


Tartary buckwheat 
application: 


plants 


at 


the time of chlorsulfuron 


+ The weather data were recorded each day at 0900 hrs. 
Source: Ellerslie agrometereological station, Department 
of Geography, University of Alberta, Edmonton. 
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Table A3. Recovery of ‘‘C-Activity from Tartary Buckwheat 
after Adding ~-C-Chlorsulturon to the 
Freeze-Dried Plant MaterlalSejustee prioneeste 
Extraction. 

Description DPM recovered 
% Of “applredTy 

Polytron grinder ge Oat) 

Glassware: centrifuge tube 0207 © 200502) 

boiling flask ial oH hada et Ola Ola) 

Filter paper and plant residue Ogee COOH) 

Plant extract 84.49 (2.59) 

Total recovered S650: e236 9) 


+ Mean and standard error on the basis of three replicates. 
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Table A4. 


Treatment 


24 


a6) 


240 


Part 
wipe. 


Becliayes 73 


Amount of ‘'*C-Activity Recovered by Extraction 
and by Oxidizing the Filter Paper with Retained 
Residue of Different Parts at Four Different 
Times Following Treatment of Tartary Buckwheat 
Plants with “~C-Chilorsulfuron. 


Czactivity recovered. 


EXoract Residue and 

filter paper 
Partt DPM DPM % 
7 O24 (603) GO Ze G15.) 63.4 
8 14313 (3783) A22 \( 230) Zag 
11 Pas ave WO atsyip)) 30 ( 9) re 
7 7475 ( 330) 4394 ( 306) SO 
8 Solos 0se) 38 let 93) ieeee 
is} 2708 797) S2om 204) 1.4 
12 Se il 118) SI A Sa) Dhsvee) 
7 7583 (3144) BS 22002639) 523 
8 14125 (6870) 4021 (3092) 222 
11 256 Oe mals) 944 0 123) Tee G 
[2 605.3) ese) A 1a'8) B34 
ers ahs a0) 47063 (3896) 26141 (2474) Sei 7 
860) (419) 25 Oe Grou) 59.2 
2 2984 110) 480 ( 133) Guten 
treated leaf excluding droplet application site. 
Groplecs applicacions Site. Parte Str incueleat 


Part 103 second leaf wipe. Part lis) third leat. 
ug Ue 
Mean and standard error on the basis of four replicates. 
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